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PREFACE 

In the preparation of this work the author has endeav- 
ored to produce a book which will serve as a practical 
guide and handbook to all those who at any time have 
occasion to use or operate gasolene engines. It is par- 
ticularly intended for those with Uttle or no knowledge 
of mechanics or engineering, and with this purpose in 
view technical terms and names have been practically 
eliminated from the text and descriptions, and explana- 
tions have been made as clear and plain as possible and 
as concise as a full explanation will admit. As tech- 
nicalities cannot be entirely avoided in any work dealing 
with machinery, a full glossary of such terms, as applied 
to gasolene motors, has been added to the work, and the 
reader who is without any knowledge whatever of 
machinists' and engineers' terms will find in this feature 
a ready reference and explanation. 

Appreciating the value of illustrations as an aid to 
text description, the author has endeavored to figure 
each and every part and feature treated in the work; 
and in order to make the illustrations more plain and 
imderstandable every part or portion not directly related 
to the point under discussion has been eliminated in the 
figures. 

The illustrations are in no sense working drawings, 
but are mainly diagrammatic, and no attempt has been 
made to draw them to accurate scale, while in order 
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to bring out certain features of construction or opera- 
tion such features have been purposely exaggerated. 
This is the case with the tapered shafts on page '96, 
as well as with the pitch of various screw tlireads and 
gear teeth. This may be wrong theoretically, but in serv- 
ing its purpose it is good practicaliy, which is exactly 
the reverse of many theories in mechanics and engi- 
neering. 

While volumes might be devoted to enumerating and 
describing all the troubles which might occur in gasolene- 
engine operation, yet the number that are likely to be 
met are comparatively few and are fully covered in the 
alphabetically arranged table of troubles in the work. 

The plain and simple tables of screw threads, pipe 
sizes, etc., will, it is hoped, prove of value, especially to 
those having occasion to replace or order fittings or 
screws. 

The chapter on useful hints and makeshift repairs 
has been compiled from actual experience and each 
has been tried and tested many times in real practice. 

The author sincerely hopes that the work will prove 
as useful and valuable to all his readers as a similar 
work would have been to him in the early years of 1 
gasolene-motor experiences. 
September, igia. 



INTRODUCTION 

The discovery of the Gas Engine marked a new era 
in mechanical progress and its perfection has led to some 
of the most marvellous and important of modern inven- 
tions and achievements. 

Through its use aeroplanes and submarines have 
become possible, and motor vehicles of all kinds depend 
largely upon the gasolene engine for power; while 
motor boats, launches, and power cruisers have placed 
yachting within reach of the man of moderate means, 
whereas a few years ago the use of steam confined this 
pleasure to the wealthy few. 

Useful and important as the gas motor has proved 
for vehicle and marine use, even more valuable are its 
services in stationary form. In factory, home, and farm 
the stationary gasolene engine is in daily use, performing 
steadily and easily the work of many hands at a fraction 
of the cost of the old steam engine. On the farm espe- 
cially has the explosive motor proven its worth, and this 
light, simple, portable power-plant has revolutionized 
farm work in many sections. Labor that was formerly 
slow and irksome is now performed easily, quickly, and 
pleasurably and the ingenious farmer finds a thousand 
and one uses for his motor. It will separate his cream, 
turn his grindstone, do the wife's washing, and light the 
home with electncity; and if mo\mted oxv ^ ^^ \x'^^\.^x^'' 
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10 INTRODUCTION 

it will plough and harrow the fields, plant and cultivate 
the crops, and will mow, thresh, and grind the grain. 

When we consider the manifold uses of the gas engine 
and the number in daily use it seems surprising that so 
few owners, operators, or users thoroughly imderstand 
their engines or their construction, operation, or care. 
Many a man who would feel incompetent to operate a 
steam engine will undertake to handle a large or com- 
plicated gas engine; and yet, as a matter of fact, the 
latter is by far the more delicate piece of mechanism. 
It certainly speaks well for the modem gas motor that, 
under the ordinary conditions and in the hands of so 
many people absolutely ignorant of the first principles 
of engineering or mechanics, there is so little trouble. 
It is no uncommon thing to hear the owner of a gasolene 
engine boast that his motor has run so many miles or so 
many hours without missing an explosion. Did you 
ever hear a steam-engineer boast that his engine had run 
a few hours or a few days without blowing up the boiler 
or bursting a cylinder? — and yet there is as much reason 
for one as for the other. If a gas motor is properly 
adjusted and nms smoothly for an hour there is no 
earthly reason why it should not continue to nm for 
days, months, or years, as long as it is fed fuel, lubri- 
cating oil, and electric current, and ordinary wear and 
tear are attended to, as in any other piece of machinery. 

The idea that a gas engine must give trouble, that it is 
an obstinate and balky thing, and that it will fail at the 
most critical time without cause is pure nonsense. If a 
gas engine fails to operate there is some good and suffi- 
cJent reason; ior the modern gas engine is no longer 
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an experiment, made by guess and by hand, but is a 
thoroughly well made, carefully designed, and well 
tested mechanical device; but like any other machine, 
to operate successfully, it must be given certain con- 
ditions. Nine times .out of ten the ''balkiness and 
obstinacy" are in the operator and not in the motor, 
and a little conmion sense and judgment will do far 
more than a lot of swearing, cranking, and hit-or-miss 
adjusting. 

One often sees a man operating a motor, which is 
running smoothly and well, continually loosening a nut 
or screw here and tightening there, or fooling with some 
part or another of his engine. This practice is sure to 
cause trouble and sooner or later the motor skips and 
stops. Being perfectly ignorant of the cause, or of the 
former adjustment of the parts, the operator tries one 
thing after another and eventually either gives up in 
despair or by pure luck gets the motor running. In the 
former case a repairman's bill results in blaming the 
motor and gas engines in general, while in the latter case 
our friend flatters himself that he knows all about gas 
engines and thereafter poses as an expert with a fimd of 
ready advice to every other user of a motor; and yet, 
should the same trouble arise again, he would be as 
much at a loss as before. This sort of trouble is far 
conmioner with marine motors than with those in motor 
vehicles, for in a boat the engine is exposed and within 
easy reach, whereas in the vehicle it cannot be touched • 
or meddled with while operating. It is mainly for this 
reason that vehicle motors appear to run more regularly 
and reliably than marine motors. 01 coux'Sfc ov^L't^i^^^ "j^sA 
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then runs across an old, poorly designed, or worn-out 
engine that will run badly and cannot be depended upon, 
but in most cases a little adjustment here and there, a 
little lubrication, or some other small matter is all that 
is required. During a number of years' experience in 
handling and repairing gasolene engines, the author has 
yet to find a motor which could not be made to run — 
save in one or two cases where the engine was completely 
worn out and fit only for the junk heap. 

Many books have been written on gas engines and their 
care and operation, but in the majority of cases these 
works are either too technical or are confined to one 
particular class of engines. Others describe and discuss 
oil, kerosene, and producer-gas engines, as weU as those 
designed to operate on gasolene, and this is apt to be 
very confusing to the inexperienced, for while, strictly 
speaking, aU these arc gas engines, yet the individual 
peculiarities of different fuels require certain variations 
in design and operation in the motors and each should be 
made a separate study in itself. The purpose of the 
present work is to furnish all the necessary information 
regarding gasolene engines in simple language free from 
technical terms and as far as possible cover all varia- 
tions, types, and classes of these motors and thdr 
various parts, accessories, and appliances. In order to 
illustrate the various types of engines and devices cer- 
tain makes with distinctive characters have been used 
as examples, but the author wishes it clearly understood 
that such mention of a certain make of engineer accessory 
. does not imply that it is the best or that it is recom- 
wended or endorsed by this work. Such mention merely 
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indicates that the motor or appliance is typical of its 
class and is a well known and standard make. 

As the nmnber of gasolene motors on the market is 
steadily increasing and there are over ten thousand 
manufacturers of explosive engines in the United States 
to-day, it is practically impossible to mention more 
than a very limited portion of the various designs, 
innovations and improvements constantly being made 
in this industry. In aU gasolene engines the principle 
is the same, and the care and operation identical, and 
the man who becomes thoroughly familiar with one 
engine will have no trouble in mastering any other. 

As technical terms cannot be avoided imder certain 
conditions, such as ordering new parts, making repairs, 
machine-shop work, etc., a glossary of such terms with 
an explanation of the meaning of each has been added 
to the work as well as an alphabetically arranged table 
of common troubles and their symptoms and remedies, 
features which the author believes will prove of great 
value to all owners, users, or operators of gasolene 
motors. 
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CHAPTER I 

Types of Motors. Operation and Explanation of Two-cycle 

AND Four-cycle Motors 

All gas, gasolene, or oil motors, known collectively as 
Explosive Engines, may be roughly divided into two 
classes or types: the Two-cycle or Two-stroke engines 
and the Four-cycle or Four-stroke engines.* 

While these two types are quite distinct in their con- 
struction and operation, yet the principle in each is the 
same. A charge of gas, gasolene, or oil vapor is drawn 
into the cylinder, is compressed therein by a piston, and 
while imder compression is ignited by an electric spark 
or similar device. The force of the exploding gas drives 
down the piston which, acting upon a crank, transmits 
the power of the explosion to a revolving shaft and thence 
to the boat, vehicle, or machine requiring the power. 

It will thus be seen that a gas of the highest explosive 

* The author is well aware that certain six-cycle motors have been 
built and used to some extent. In these engines the additional idle 
stroke is utilized to draw a charge of clean air into the cylinder in 
order to more perfectly scavenge the burnt gases. Such motors 
have not come into general use, however, and the ordinary operator 
is not likely to encounter an engine of this type. They are not 
considered of sufficient importance to be worthy of consideratioa 
in the present work, 
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power, an ignition device that can be depended upon, 

and a cylinder that will not leak and lose compression 
are the most necessary essentials for the proper operation 
of a gas motor. 

The simplest form of gasolene engine is the Two-cycle 
in which the parts may be reduced to a minimum, only 
three mo^g parts being absolutely essential {Fig. i). 

In this ligure the piston A is represented as being at 
the upward limit of its stroke with the space between the 
top of piston and top of cyhnder B filled with a charge 
of compressed gas. At this position, or "Firing Stroke," 
an electric spark takes place at C and ignites the gas 
which, exploding, drives the piston A downward. At 
the point illustrated in Fig. 2 the opening D in the 
cylinder wall is uncovered by the piston, and the burning 
and practically exhausted gas rushes out through this 
opening and escapes. Almost at the same instant the 
opening E is uncovered and a fresh charge of gas— which 
has been contained in the base F — is forced up through 
the opening G to take the place of the exhausted charge 
(Fig. 3). The momentum of the moving fly-wheel and 
shaft now carries the piston on its upward course, closing 
the openings or "ports" D and E and at the same time 
drawing by suction a fresh charge of gas or gasolene 
vapor into the base through the opening B (Fig. 4). As 
the piston reaches the top of its stroke a spark again 
ignites the compressed charge, the piston is again forced 
down, and the operation repeated over and over again. 
In this motor it will readily be seen that an explosion 
or impulse takes place at every complete revolution of 
tie shaft or, in other words, at every Iwo strokes of the 
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Fig. I. — Operation of Two-cycle Engine 



GASOLENE ENGINES 




Fig. 2.— Operation of Two-cycle Engine 
(S» page 16) 



THEIR OPERATION, USE, AND CARE 



19 




Fig. 3. — Operation of Two-cycle Engine 



(See page 16) 



20 



GASOLENE ENGINES 




Fig. 4. — Operation of Two-cycle Engine 



(Sec page 16) 
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piston. In order to first start a two-cycle motor in its 
operation a charge of gas or vapor must be drawn into 
the base and forced up to the top of the cylinder and 
compressed there. One complete revolution of the 
shaft is necessary to accomplish this, and this revolving 
a shaft by hand is commonly known as "cranking.'' 
Unless a motor is out of order or some adjustment is 
wrong on.e revolution only should suffice to start the 
engine, and if it fails to start then further cranking is 
merely a waste of time and strength until the fault is 
corrected. Indeed most motors when properly adjusted 
will start by merely rocking the fly-wheel back and forth 
and "throwing it up'' against compression. In cold 
weather, however, motors will often start very hard 
and at such times "priming" should be resorted to. 
This matter will, however, be fully dealt with in the 
succeeding chapters. 

In Figs. 5 to 8 a section of a four-cycle engine is 
illustrated. In this tj^e of motor the parts are far more 
nimaerous and the operation more complicated. The 
motor is shown in Fig. 5 with the piston P at the top 
of stroke or "firing stroke," with a compressed charge 
ready to explode, and with both the valves F/, VE 
closed. The explosion taking place the piston is forced 
down as in the two-cycle motor already described, and 
the shaft is tiuned half a revolution. In its downward 
passage the exhaust valve VE is opened through the 
action of a cam C and gear G connected to the main 
shaft, and the motor then appears as illustrated in Fig. 6. 
The piston now commences its upward stroke, thus 
forcing the burnt gas out through iVie e^^.M'sX. n^5^<^ 
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which remains open until the piston has reached its 
upward limit and has commenced to descend. At this 
point the exhaust valve doses and the intake valve VI 




Fig. 5. — Operation of Four-cycle Engii 



commences to open (Fig. 7), As the piston continual 
on its downward course its suction draws a charge of g 
m through VI until the lowest point of the stroke i 
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reached. The intake valve VI now closes, and as the 
exhaust valve VE still remains closed the upward stroke 
of the piston compresses the gas until again ignited by 
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the spark (Fig. 8). The operation is then repeated over 
and over. By reference to the figures and the explana- 
tion it will be seen that in this form oimotoi an ex^VssKitt 
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takes place at every two resolutions of the shaft or atj 

every four strokes of the piston. 

To the uninitiated it would appear that an enginel 
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receiving an explosive impulse on every two strokes 
would naturally be more powerful and would run more 
steadily and with less vibration tliau a motor 
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impulse only on every fourth stroke. In reality 
ere is but little difference in the power delivered by a 
o-cyde or a four-cycle engine ; while as a rule steadi- 
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ss and reliability are in favor of the four-cycle motor, 
■obably the four-cycle motor uses less fuel for the same 
iwer than a two-cycle, but even this toz^ \ik. &!»^\*A. 
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in the case of many of the better classes of tw^^oH 
engines. In the four-cycle type the burnt gases have si 
longer opportunity to escape, besides being mechanically 
forced out by the piston itself, and as a result the fresh 
charge of gas is purer and possesses better explosive 
properties and more power. Moreover, the idle stroke 
allows the cylinder more time to cool off while the valve 
action regulates the amount of charge taken into the 
cylinder more accurately than in the fixed opening, or 
port, of the two-cycle type. Each type of motor has il 
devotees who claim all the advantages for their oi 
particular type, but it is doubtful if there is any 
difference as far as actual utility is concerned. Both 
two- and four-cycle types are used extensively in station' 
ary work, but for light marine work the two-cycle typfe] 
is the most used. For larger boats and where great. 
power is desired the four-cycle engines predominate, 
while in automobiles and other motor vehicles four^ 
cycle engines are almost universally used. This sef 
to be due to the greater perfection of the iour-cys^ 
engines rather than to their actual performance as com- 
pared with the two-cycle, for in a few makes of cars the 
latter are employed with very marked success. Although' 
the two-cycle is so much simpler in construction 
operation yet it is harder to design and build a r 
good two-cycle motor than a four-cycle, and usually it 
requires more care and more knowledge to regulate and 
adjust one correctly. This seeming paradox is explained 
by the fact that in a four-cycle motor the timing and 
regulating of the valves may be made to overcome 
many faults in the design or construction of the motor 



>ugh^ 
aii4^| 



THEIR OPERATION, USE, AND CARE 27 

or its parts, whereas in the two-cycle motor every 
measurement must be within very exact limits in order 
for the motor to work at all. In adjusting motors the 
valves again cause the four-cycle to be the simpler, for a 
considerable diflference in the amount of air or fuel, 
or even in more important matters, makes but slight 
difference in the apparent working of the motor, whereas 
in the two-cycle tj^e a very slight difference in the pro- 
portions of the fuel causes a marked difference in the 
results obtained. 

It has been claimed by many that the four-cycle is 
more flexible, or, in other words, can be varied in speed 
and power to a greater extent than the two-cycle motor, 
but I am inclined to doubt this. A properly designed 
and constructed two-cycle motor may be run satisfac- 
torily at from one hundred to several thousand revolu- 
tions per minute without trouble, and many of the best 
four-cycle engines fail to run at all regularly when the 
speed is varied suddenly to any extent. 

A very important point that is all too frequently 
overlooked by the owner or user of gasolene motors is the 
"himian element." One man will get splendid results 
from a certain type or make of engine while another 
person will have continual trouble with it and condemn 
it outright. This peculiar adaptability, or ** knack'' as 
it may be called, of some operators with certain engines 
seems remaritable at first sight, but if carefully studied 
will usually prove to be due to the fact that the operator 
has thoroughly learned his engine. No two gasolene 
motors are exactly ahke, and no two engines will run 
equally well with exactly the same treatment. This is 
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more often due to surrounding conditions than to the 'I 
motor itself, but nevertheless I have yet to see the I 
engine that does not require some "humoring" and for I 
this reason I strongly advise every purchaser or user of a ■ 
gasolene motor to be sure that he has thoroughly mastered M 
his motor and learned its ways before deciding that thereJ 
is really anything wrong with the mechanism itself. I 

Before deciding on the type or make of motor suited I 
to your particular requirements, study the matter care- I 
fully and study the advantages and disadvantages of I 
each until thoroughly satisfied that you have selected I 
the best motor for your purpose. There are many I 
hundreds of motors made, and while practically every I 
well-known and reliable firm turns out a good motor I 
nowadays, yet some are better than others and each J 
make and type possesses certain advantages that fit itiM 
for particular purposes or conditions. I 

Do not expect to get a first-class motor at an absurdly 1 
low price. It costs money to design and build a good I 
engine, and while the large manufacturer, with special I 
tools and machinery and every facihty for turning out ■ 
motors in large numbers, can make a much lower price I 
than the man who makes each motor by hand and builds J 
only a few at a time, yet if a motor is advertised at a>l 
very low figure, steer clear of it. As a rule the motors I 
made by large firms at a reasonable price are far better ■ 
than those made in small numbers at a high price, for M 
in the former case the parts are interchangeable and neV I 
pieces may be purchased at a low figure and will always fit, I 
whereas the small manufacturer seldom turns out partS'J 
that do not require considerable hand work before ihsfM 
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can be made to fit an old motor. Many manufacturers 
depend on overrating their motors to increase saks. 
They will advertise a motor at almost double its actual 
power and sell it at the price others charge for the 
actual power advertised and thus appear to sell a motor 
at a very low price. Usually such motors are extremely 
high-speed, short-lived engines, or else the maker is 
deliberately trying to defraud you. There is no excuse 
for being swindled, however, for it is a simple matter 
to determine the horse-power of any motor. Bore aiid 
stroke and speed give the power, and while various 
motors may give more or less power according to design 
and workmanship, yet within certain limits the power 
may be readily determined. 

The amount that the explosive gas is compressed 
before ignition also affects the power of the motor, 
as well as the proper adjustment of fuel, proper lubrica- 
tion, and correct ignition. The power computed from 
these established factors is known as the Indicated 
Horse-power, but the whole of this power is never 
available. A large part is consumed in overcoming the 
friction in the motor itself, and the power remaining 
after this is overcome is called the Delivered Horse-power. 
The proportion of the Delivered Power to the Indicated 
Power is known as the Mechanical Efficiency, and is 
usually expressed in per cent. Thus if the Indicated 
Horse-power of an engine is lo H.P. and the Delivered 
Power is 8 H.P., the Mechanical Efficiency will be 8/10 
or 80 per cent, and the friction load (overcome in oper- 
ating) will equal 10 — 8 or 2 H.P. While the pressure 
of the gas under compression varies coivsvdei^bVj , ^tccst^^L- 
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ing to the fuel used and design of engine, yet the pressures 
are so well known and the proper pressure so well 
established that an average of about 70 pounds per square 
inch may be counted on. With these factors known the 
following formulas may be depended upon to ascertain 
with reasonable accuracy the Delivered Horse-power of 
any gasolene motor. 

For four-cycle motors: D.H.P.=Diam. of cylinder 
multiplied by itself, times the length of stroke, times 
the number of revolutions per minute, divided by 18,000, 
For example, the D.H.P. of a motor with a 3-in. bore, 
3-in. stroke, running 1,000 revolutions per minute = 
3X3X3X1,000 = 27,000, divided by 18,000 = ij4 D.H.P. 

For the D.H.P. of a two-cycle motor proceed in the 
same manner, but divide by 13,500. Thus, a two-cycle 
motor with 3-in. bore, 3-in. stroke, and operating at 
1,000 revolutions, would show 3X3X3X1,000 = 27,000, 
divided by 13,500, or 2 D.H.P. 

Usually motors are tested by some form of pressure 
brake and the D.H.P. thus obtained is called Brake 
Borse-power. Such tests are reliable and accurate, 
but it miist be borne in mind that the motors while 
undergoing these factory tests are operated under the 
most favorable conditions and by skilled engineers and 
mechanics; and the same motor that delivers 10 H.P, 
under a factory brake-test may not deliver over 6 H.P. 
when installed and operated by yourself. 

It is far better to have too much power than too little, 

and a few horse-power more or less makes little difference 

in price. All other things considered you should choose 

e motor baviag the longest stroke and largest diameter 
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and operating at a medium speed. High speed means 
short life, and large bore and short stroke mean high 
speed. Extreme long stroke and small bore, however, 
mean slow speed and additional weight, and an excess 
of either is undesirable. 

With these remarks on the operation and principle 
of gasolene engines in general, we will now take up the 
matter of the various motors and their parts and acces- 
sories in detail. 



CHAPTER II 



Two-cycle or Twostboke Motors 

The two-cycle motor already described and figured 
in the preceding chapter is known as the Two-port motor 
from the fact that there are but two openings, or ports, 
from the cyHnder. Another form of two-cycle motor 
in common use is known as the Three-port motor (Fig. 9). 
The operation of this motor is essentiaUy the same as 
the two-port type, but in addition to the two ports 
this motor has a third port or opening. A, which is closed 
by the piston acting as a sliding valve. On the downward 
stroke of this motor the third port is closed as shown 
in the figure, wliile the gas in the base is forced up to the 
top of the cylinder through the by-pass B. On the up- 
ward stroke the gas is sucked into the cylinder through 
the port -4 , as in the two-port type. The only advantage 
of this type of motor over the two-port is that no check 
valve is required in the inlet for fuel at ^4 . It is usually 
a high-speed engine, and as a partial vacuum is created 
in the base on the upward or suction stroke and a con- 
siderable pressure must be maintained on the downward 
stroke, tight bearings and joints are essential and these, 
especially in a marine engine, are hard to retain for any 
length of time. Many of the more recent types of two- 
cycle engines are constructed so that either a two- or 
three-port system may be used as desired. A very 
successful motor of this design is the Gray Model "T," 
32 
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illustrated in Fig. lo. Almost any good three-port 
motor may, however, be transformed to a two-port 




Fig. 9. — ^Three-port Motor 

engine even after its ejfficiency as a three-port has 
expired. 

Many of the best so-called two-port motors are in 
reality a sort of combination of the two- a.ivd thi^^-^^o^t 
3 
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types. Such a motor is illustrated in Fig. ii. In this 
motor the inlet, or fuel, port, instead of being in the base 
as illustrated in Chapter I, is situated in the by-pass B 
midway between the base and the inlet to cylinder C. 




o. — Gray Model 



The operation of this type of motor is precisely the same^ 
as in the straight two-port, but it possesses many advan-" 
tages over either the two- or three-port type. The suc- 
tion created by the piston is greater than in either of the 
otier types, while no great pressure is required in the base 
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Fig. II. — Two-three-port Motor 
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as in the three-port. The fuel-mixing device is elevated 
more than in the two-port, which is a distinct advantage 
in a boat, and the gas or vapor striking on the walls of 
the by-pass, instead of on the base of the engine, results 
in far better vaporization and consequently better 
combustion. The waUs of the base are usually cold or 
nearly so and the mixture of gasolene and air tends 
to cool them off even more; whereas In the motor under 
consideration the walls of the by-pass are always warm 
while the motor is in operation and the mixture of gaso- 
lene and air striking this warm metal is immediately 
thoroughly vaporized. Many of the motors of this type 
have an opening in the base into which the fuel intake 
may be screwed. In such cases the operator may use 
his motor as a regular two-port or as a combination as 
desired. In many motors of this class very superior 
results are obtained by attaching an auxiliary air inlet 
in the base. This is closed when starting or running 
slowly, but when running at high speed is gradually 
opened until the best possible results are obtained. 
Such an auxiliary inlet is shown in Fig. 12 (A), and is 
known as an "Accelerator." 

Two-cycle motors are also made which possess some 
of the best features of both the two- and three-port 
types. An example of this style of engine is the Crasser 
motor illustrated in Fig. 13, This motor has a vaporizer 
A, as well as an automatic air valve B, a third port C, 
and a transfer port D, which acts as the second port on 
two-port motor. In operation the piston on its upward 
stroke draws a charge through the vaporizer A into 
crank case E, until it reaches a point where the 
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Fig. 12. — Two-three-port Motor with Accelerator 
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port C is uncovered. This permits the vacuum remaining 
to be displaced by air through the air valve B, As soon 
as the piston starts on its downward stroke the valve in 
A closes and the charge in the base is forced up through 
the transfer port D into the cylinder. This arrangement 
permits of a large, full charge of gas with consequently 
higher compression, more power, and freedom from 
crank-case explosions. In this motor the ports are 
placed in the forward and rear sides of the cylinders: 
by this method the piston and cylinders wear longer 
than if the ports were cut in the sides of the cylinder 
walls as the main thrust of a piston is sideways. 

Still another type of two-cycle engine is so constructed 
as to admit the charge from the base through a port in 
the piston walls and hence through a by-pass and valve in 
the top of the cylinder. The Smalley engine is of this 
design, and is illustrated in Fig. 14. On the upward 
stroke of the piston a charge of gas is drawn through 
the fuel inlet A into the crank case B. When the piston 
starts downward this vapor is brought under compression 
imtil the piston reaches the lowest point of its stroke, 
whereupon the port C in the piston comes into Une with 
the port D in the cylinder, thus allowing the compressed 
gas to rush up through the by-pass E and through the 
valve F, into the top of the cylinder. At the commence- 
ment of the upward stroke of the piston the valve F 
closes by the spring G, and the gas held in the top of the 
cylinder is compressed and ignited; the piston is driven 
down and the exhaust gas passes out through the open- 
ing H, as usual. This motor has several advantages, 
not the least of which is the cooling eftecl oi\. \}afc ^\^\53^ 
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of the fresh charge of cool gas rushing through it at 
each stroke. The fresh charge coming directly in from 
the head of the cylinder also serves to drive out ail 




Fig. 14. — Smalley Motor 

traces of burnt gas and results in a cleaner and better 
charge for firing, The only disadvantage in this engine 
lies in the inlet valve in the cylinder head. This valve 
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in time will wear and cause loss of compression and will 
require regrinding as often as the valves of a four- 
cycle motor, and to the ordinary operator grinding of 
valves is a bugbear. Moreover, if the valve sticks, or 
the spring breaks, the motor is temporarily put out of 
service, and usually such accidents occur at the most 
inopportime and critical times; a similar engine with 
mechanically operated valve might be more satisfactory. 
Several good motors of the two-cycle type are now 
constructed with an open base, or, in other words, 
without the closed crank case usually seen. This style 
of motor has many advantages over a closed-base engine- 
All the working parts of the crank, shaft, etc., are readily 
accessible for adjusting and oiling, and any danger of 
leakage and loss of compression in the base is obviated. 
An engine of this style of construction, made by the 
Powell Engine Co., is shown in Fig. 15. As will be seen 
by the diagram the piston P is hollow, and below it and 
above the base a compression plate A is placed through 
which the piston rod slides. Below the compression plate 
the piston rod is pivoted to the connecting rod B, at the 
cross-head C, which is a part of the same casting as the 
piston rod itself. On the upward stroke of the piston 
the gas is drawn into the space D, between the piston P 
and the compression plate A, through the inlet port E, 
On the downward stroke the gas is forced up through the 
by-pass F, to the port G, and thence to top of cylinder, 
exactly as in the ordinary two-port motor. After the 
explosion occurs the exhaust gases pass out through the 
port H. This motor possesses stronger compression than 
in a closed-base engine for forcing the daax^e \si\.ci >Jafc 
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pig_ 15 —Powell Open-base Motor 
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cylinder, with a result that a quicker firing charge is 
obtained and also better scavenging of the burnt gases. 
The carburetor may be placed far lower than the lowest 
level of the cylinder, thus eliminating any danger. of 
flooding, while the straight thrust of the piston rod and 
cross-head bearing do away with all side wear on the 
piston and cylinder walls. The cold charge of gas 
inside the piston also helps materially to cool the same, 
while the heat from the piston aids in better vaporization 
of the gas before its transfer to the firing chamber. 
The only objection to this type of motor is the additional 
height made necessary by the cross-head and connecting 
rod below the cylinder level. In stationary or marine 
use this is no serious objection, but for vehicle use it 
would necessitate a very high engine hood or small 
clearance beneath the shaft. 

Several makers of two-port motors have also resorted 
to placing a throttle valve in the by-pass as shown in 
Fig. 1 6 (r), and while the speed and power of a motor 
so equipped may be controlled to some extent by this 
arrangement, yet as a rule I have found them rather 
unsatisfactory. A throttle on the fuel-mixing apparatus 
is far more reliable and easier to adjust. Some motors 
are also manufactured with a fourth, or air, port, and 
wonderful results are claimed for this type of motor. 
Undoubtedly it possesses many good points, but as a 
rule the fewer ports there are the more reliable the engine. 
To obtain the best results each port must be accurately 
designed and finished, and in a small engine the varia- 
tion of a small fraction of an inch in the size of one or 
more ports will make a wonderful diffei^iiCj& \si ^^ 
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Fig. 16.^— Motor with Throttle in By-pass 
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power and operation of the motor. Moreover, the first 
part of a motor that wears loose is generally the piston 
or the connecting rod between the piston and crank 
shaft. As a slight wear here causes the piston to have 
considerable play up and down in the cylinder, it will be 
easily seen that the variation in the amount of opening 
of each port during operation is considerable. With 
every port added this variation, due to looseness, 
increases the resulting variation of the amount of fuel 
admitted to the cylinder, and as the amount of play 
varies quite a little according to the load of the engine 
and its speed, it is very difficult to adjust a motor thus 
worn. In fact the results from a three- or four-port 
motor with a loose piston or connecting rod are almost 
as great as if the ports were rapidly but unevenly opened 
and closed by hand. Any one can thus readily under- 
stand why a strictly two-port motor will run more 
satisfactorily when old or badly worn than a three- or 
four-port engine. 

Probably the most reliable and efficient two-cycle 
motor yet produced is the Elmore, which is used in the 
>vell-known Elmore automobiles. This motor, which is 
illustrated in Fig. 17, is entirely distinct from most other 
two-cycle motors and in its construction and operation 
it overcomes most of the objectionable features of the 
two-cycle engine. The figure is purely diagrammatic 
snd represents a section of one of the four cylinders and 
«L portion of the base cut away. 

The piston of the Elmore motor differs materially from 
that of other motors, inasmuch as the lower half or base 
is much greater in diameter than the piston proper (Fv%. 
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•-1'} A). The up-and-down motion of this large half of 
r the piston acts as a gas pump and alternately draws in 
I gas to fill the lower half of cylinder or base, H, and forces 
lit out under considerable pressure. When the slightly 
I compressed gas is driven out of the base it does not at 
once find its way up through a by-pass and port into 
the same cylinder as in the ordinary motor, but, through 
the agency of a gas "distributor," is introduced to the 
firing chamber of another cylinder. This "distributor," 
which is the essential portion of the Elmore motor, con- 
sists of a revolving cylinder B almost surrounded by 
another cylinder C. The chambers thus formed are 
provided with long ports running lengthwise; those 
of one chamber opening on one side of the distributor D 
and those of the other chamber opening on the opposite 
side E. In operation the distributor is revolved within 
its casing by a silent driving chain from the crank shaft, 
each end being supported by spindles and ball bearings. 
In action each lower half of a cylinder receives gas 
drawn through the outer chamber of the distributor. 
This gas under low compression is then returned to the 
inner chamber of the distributor, from which it is led 
into the firing chamber of the cylinder whose piston is 
just commencing the ascending or compression stroke. 
impression and explosion then follow exactly as in any 
ither engine, and the opcrarion is repeated in each 
Under in proper order, thus giving four explosions or 
[pulses to the crank shaft with cranks set at 90-degree 
angles. 

It must be borne in mind that the chambers of the 
distributor do not extend through its entire kagtk. Tli& 
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inner chamber B is divided at its centre, thus dividing 
the distributor into two equal parts. These two parts 
are connected by means of a by-pass F which is opened 
or closed by the operation of the throttle G. Until the 
throttle is opened half-way the two halves of the dis- 
tributor operate independently, with the result that the 
cylinders work in pairs. When the throttle is half- 
opened the central control automatically opens and 
the power of the motor is then at once increased through 
all four cylinders operating alternately. 

This Elmore motor, although apparently complicated, 
is in reality far simpler and has less parts than the 
ordinary four-cycle engine. Although advertised as a 
"valveless" motor, it is not strictly a valveless engine, 
for the "distributor" is actually a sort of rotary valve. 
The motor may therefore be considered a rotary-valve 
two-cycle motor. There is no doubt of the high efficiency 
of this engine, and its design and construction mark a 
great advance in two-cycle engines. The loss of base 
compression, unequal distribution of gas, loss or waste 
of fuel, and various other defects of the ordinary two- 
cycle engine are entirely overcome in the Elmore, and its 
flexibility, power, reliability, and economy of fuel are 
fully equal to many, if not aU, six-cylinder, four-cycle 
motors of equal rating. In comparison with four- 
cylinder, four-cycle motors of the ordinary type, the 
Elmore is far ahead. The trouble and difficulties expe- 
rienced with poppet-valve, four-cycle motors is absent 
in the present motor, but the revolving distributor, 
chains, numerous rotating ports of the distributor, and 
tie various other parts must be perfectly timed and 
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free from any lost motion or undue wear to work satis- 
factorily. These various parts of the rotating mechanism 
render the motor far more complicated than the regular 
two-cycle machine and it is theref we doubtful if this type 
of motor is so well adapted to the ordinary needs of the 
gasolene-engine user as either the regular two- or four- 
cycle engine. As a vehicle motor it is most efficient, 
and for this purpose — for which it was designed — 
the rotary distributor is no objection. For small boat or 
stationary use, however, the simplest engine is the best, 
and motors for this purpose should be selected which 
can be readily repaired, adjusted, or taken down and 
cleaned by inexperienced hands. 

Two-cycle motors, as well as those of the four-cycle 
type, are usually made in either one, two, three, four, or 
six cylinders. • The operation of a multiple-cylinder, two- 
cycle engine is practically the same as in a single-cylinder, 
but certain parts are slightly diflFerent in construction 
and design. In a two-cylinder motor the piston of one 
cylinder is on the downward stroke while that of the 
other is on the upward stroke, or, in other words, the 
cranks of the shaft are set opposite one another or at an 
angle of i8o d^rees (Fig. i8). In a three-cylinder 
motor the cranks are set at 120 degrees (Fig. 19), while 
in a four-cylinder motor the cranks may be set at 90 
degrees (Fig. 20 A) ^ or at 180 degrees as shown in Fig. 
20 B, C. 

Three-cylinder motors have some advantages over the 
two- or four-cylinder machines, but they are more 
difficult to time correctly and either two- or four-cylinder 
engines are more widely used. 

4 
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A multiple-cylinder motor will not deliver as much 
power in proportion as the same number of cylinders in 
separate motors, but on the other hand they run far 
more steadily and with less vibration than the single- 
cylinder engine. Moreover, they are easier to control 
and if one or more cylinders fail to work, the engine will 




■Cylinders en bloc 



usually Operate on the remainder, and while in action 
the faulty cylinders may be adjusted until all are in 
Tunning order. Few multiple-cylinder engines will carry 
a full load when any of the cylinders fail; and as a rule 
such engines, as well as all but the smaller single- 
cylinder motors, should be provided with a clutch, or 
gear, so that they can be run free from a load when so 
desired. 

Multiple-cylinder motors have nuraeTous, fiisaAM^asi- 
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tages, especially for the person unfamiliar with explosive 
engines or other machinery; their parts are far more 
numerous than in the single-cylinder motor; they are 
harder to "crank" or turn over, and if any adjustment 
or regulation is wrong it is far more difficult to locate 
the trouble. In case of a serious trouble or breakage 
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Solid Base 



a multiple-cylinder motor is more difficult to take down 
than an engine of one cylinder, and in many makes the 
entire machine must be taken apart in order to reach a 
break or injury in any one of the cyhnders or its parts. 
Multiple-cylinder engines of the two-cycle type are 
made either "en bloc" with the several cylinders in one 
casting (Fig. !i), or are built up of several separate 
cylinders bolted to a single bed plate or base (Fig, 22), 
Each of these systems has its advantages, for while the 
solid casting results in a more compact and stronger 
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engine, the built-up motor is easier to take apart and 
repair. 

For vehicle use and marine work, where considerable 
power is required, multiple-cylinder motors are almost 
imiversally used, but for stationary work, except where 
great power is necessary, single-cylinder engines give 
satisfactory results. 

In estimating the power of motors with several cyl- 
inders the formulae already given may be used, but the 
square of the bore times the length of stroke should be 
multipKed by the number of cylinders before multiplying 
by the number of revolutions; for example, to find the 
D.H.P. of a three-cylinder motor of 4-in. bore and 4-in. 
stroke operating at 500 revolutions per minute : 4X4X4 
X3X 500 = 96,000 divided by 13,500 = 7>^ D.H.P. It 
must be borne in mind that these figures are merely 
approximate. The only method for determining the 
eooact power of an engine is by actual test, but the use 
of formulae helps a great deal in selecting a motor, as it 
gives the prospective purchaser, or user, a reasonable 
idea of the power he may expect a motor to deliver under 
normal conditions when operating at the number of 
revolutions indicated. 



CHAPTER in 



FouK-cYCLE Motors 

To a person familiar with two-cycle motors the foui 
cycle engines appear extremely comphcated at first. 
With the number of moving parts reduced to the mini- 
mum in the former, their operation and care seem easy 
and their mechanical construction and principle very 
simple. In the four-cycle motors the parts are greatly 
increased in number while the moving push rods, cams, 
gears, and springs make the engine appear a most bewil- 
dering piece of mechanism. This apparent complication 
has done much to prevent the adoption of four-cycle 
motors for light marine and stationary work, for many 
people seem to think a skiUed engineer is necessary to 
operate one of these motors. In reality a four-cycle 
engine is very simple if we study it properly, and its 
care and operation are almost, if not quite, as i 
as those of a two-cycle. 

In fact, a good four-cycle engine requires less p 
attention and can be handled more readily when at 1 
distance or out of reach than a two-cycle, as is evident 
from the facility with which automobile motors are 
started, stopped, and bandied from the driver's seat 
while the motor is completely out of sight and reach. 
Four-cycle motors are made in any number of cylinders 
from one to eight or more; but as the mechanism and 
qpeiation are identical in each cylinder, a single-cylinder 
54 
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machine once understood will render any multiple- 
cylinder motor intelligible. 

Four-cycle motors, like the two-cycle engines, consist 
of a cylinder, piston, base or crank case, connecting rod, 
shaft, and fly-wheel. In addition to these common 
parts it also has a number of other moving pieces whose 
fimction is to operate the valves. These parts are known 
collectively as the valve mechanism, 
and as they seldom require atten- 
tion their complicity need cause no 
worry. As in two-cycle motors, 
there are various styles and vari- 
ations in four-cycle types. The 
commonest form in use is known 
as the. poppet-valve or mushroom- 
valve engine. In this motor the 
valves for the inlet of the vapor 
charge and for the outlet of the ex- 
haust are mushroom-shaped, con- 
sisting of a roimded or flat disk- 
like head attached to a cylindrical ^'^' 23.-Tappet Valve 
shaft or spindle called the valve- 
^tem (Fig. 23). Nine- tenths of the four-cycle motors 
ill use to-day employ this style of valves, and their 
variation consists mainly in the method employed to 
operate the valves or in the location of the valves in 
^e cylinder casting. As the valves operate but once for 
^ch complete revolution of the crank, it is necessary 
to attach the valve mechanism to some form of gear with 
a ratio of two to one, or, in other words, to so reduce 
^e speed of the shaft operating the valves that it makes* 
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but one revolution to every two revolutions of the 
shaft. 

This may be accomplished by either cog-whet 
worm-gear, or sprocket-wheels and chain. Practically 
every form of gear is used by the various makers of four- 
cycle engines, but the worm- or screw-gear, or the gear- 
wheels with slanting teeth known as the "helical geafj 
are the most satisfactory and are now generally 



1 




—Valve Mechi 



In the earlier designs, as well as in many modern motors, 
plain cog-wheels or spur-gears are used. These work 
very well, but wear faster and are far more noisy than 
the screw, or helical, forms. In Fig. 24 the valve mecha- 
nism of a motor using the spur-gear is shown. In the 
illustration, T represents the cog-wheel attached to the 
engine shaft, and S a gear of twice the size of T, attached 
to a separate shaft. Keyed to this shaft is a cam R, 
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which turns against the roller Q pivoted in the push- 
rod P. As the engine shaft revolves in the direction 
indicated by the arrows, the wheel S revolves at half 
the speed and in the opposite direction. When the cam 
R runs against the push-rod P, it pushes it outward 
against the bell crank 0. This in turn presses the 
valve stem L upward and lifts the outlet valve H from 
its seat /, thus allowing the burnt gas to escape. The 
spring M, acting against the valve foot iV, serves to 
bring the valve firmly on its seat and to cause the push- 
rod to follow back against the cam. In this motor it 
will be seen that the inlet valve E is not connected with 
any valve gear or other mechanism, but is provided with 
a spring C, which serves to keep it firmly seated. This is 
known as an automatically operated valve, while the outlet 
valve is a mechanically operated valve. Many motors 
are built in this way, for the suction of the piston on the 
intake stroke is suflScient to act on the inlet valve and 
cause it to open long enough to admit the proper charge 
of gas. 

Although several excellent motors utilize this sys- 
tem, yet they have many disadvantages. The springs 
soon lose their strength and liveliness, causing the 
valve to open slowly or unevenly, or else to open too 
readily and seat too lightly. In one case the charge 
admitted is insuJQGicient, while in the other case the com- 
pressed gases are liable to escape backward into the 
inlet and cause loss of power and back-firing. Moreover, 
in case of a leakage around the piston, or in the firing 
chamber, the suction of the piston may prove unequal 
to the task oi opening the inlet valve iai etiQu^ Qit\Qra% 
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enough to admit a full charge. It is far better to operate 
both inlet and outlet valves by mechanical means as 
illustrated in Fig, 35, in which the exhaust valve is _ 




■B' 35. — Mechanically operated \alvea 



actuated by the push-rod and cam A, attached to the 
1-sbaft B, and the inlet vaVve VI ia aiao Q^c&tecLI 
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another push-rod D through the cam £, on the same 
shaft with the exhaust-cam, but set at an angle with it. 
By this method there is no chance of the inlet valve 
sticking on its seat or failing to seat and if the cams 
and gears are set properly a imiform and correct charge 
will always be admitted to the cylinder at exactly the 




Fig. 26. — "L"-head Cylinder 

right time. This is a very common and widely used 
type of four-cycle motor. The exterior form is shown in 
Fig. 26. It is known as the T-head or L-head type from 
the shape of the cylinder and valve chamber. More 
recent still is the valve-in-head type in which the two 
valves are located in the head of the cylinder instead 
of in an offset, or separate, chamber. This type (Fig. 27) 
has many advantages over the T-head type, and is now 
generally acknowJedged to be far moie eS.^cXxsr^ ^sA 
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economical. The two valves being set la the cylindel 
head allows the interior to be machined smooth andl 
free from corners, or pockets, where burnt gas might! 
accumulate. The incoming charge also serves to thor- 
oughly fill the chamber and the outgoing exhausted gas 
is more thoroughly discharged. The cylinder head and 




Fig. 27. — -Valves 



valve seats, as well as the piston head, are also greatly 
cooled by the fresh charges of gas, while the arrangement 
of the valves allows the greatest cubical capacity of the 
cylinder with the least area of surface. Most of the 
various makes of poppet-valve motors vary principally in 
the valve mechanism, style of gear, and other minor 
details; but motors with rotary and sliding valves have 
now come into use and in their perfected state give 
results equal to, or even better than, the best poj^t- 
vaJve engines. 
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The Knight Sleeve Valve motor is a comparatively 
recent invention, but has won its way rapidly to pop- 
ularity and success by its remarkable performances 
in several well-known makes of automobiles. In this 
engine, which is shown in Fig. 28, the piston is surroimded 
by two cylindrical sleeves, or tubes, one within the other 
and both between the piston itself and the walls of the 
cylinder proper. The diagram (Fig. 28) shows a section 
cut away to show the piston P, the inner sleeve 5, and 
the outer sleeve 0, while C represents the cylinder walls. 
The two sleeves are connected with connecting rods and 
eccentrics to the gear shaft, as illustrated in Fig. 29, in 
which P represents the piston, S the inner sleeve, O the 
outer sleeve, C the cylinder, A and B the connecting rods 
to the two sleeves, and D the eccentric attached to the 
gear shaft E. The gear is in the form of a sprocket-wheel 
E connected with the main shaft by a roller chain F. 
In the sleeves are openings, or ports, G, H, which are 
alternately brought opposite the exhaust and inlet 
ports in the cylinder, /, /. In operation the sleeve 0, 
sliding past the sleeve 5, brings the ports G, H opposite 
one another as well as in line with the inlet port /. This 
occurs on the downward stroke of the piston and the 
charge of gas is thus drawn into the cylinder as in Fig. 30. 
On the upward or compression stroke, the sleeves move 
to the position shown in Fig. 31, in which the ports 
G, Hj I, J are all out of line and thus closed against the 
escape of gas from the cylinder. The charge is com- 
pressed and fired on the limit of this upward stroke as 
usual and the piston driven downward. Near its lower 
limit two of the ports are again biou^Vit o^^o^yV^ \isfc 
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outlet port and the burnt gas is forced out through the 

exhaust on the upward return stroke as in Fig. 33. This 

Knight type of motor is practically noiseless in operation, 

little wear, and obviates all trouble with badly 

iting or worn valves or weak springs. It also provides 




Fig. jg — Kn ght Sle 



^^mo 



an ample and uniformly sized opening for both intake and 
exhaust of gases, and tests appear to prove that it 
actuaDy improves in efficiency with age and use. The 
sliding sleeves must of course create quite an appreciable 
\ount ot friction, although it is doubtluV il \iG.^ \s. 'OiM.'^ 
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greater than the combined friction on the various cam 
push-rods, valve stems, springs, and other parts of thel 
poppet-valve motor. Lubrication is very essential to this>l 
motoij for if allowed to run dry, or to overheat, the 1 




Fig. 30.— Knight Sleeve-valve Mi 



show Operation 



friction on the sleeves becomes enormous and severe 
cutting and extreme wear soon result. 
fiotary-valve motors are now being made which work 
excellently; and the ReynoVda moVot, ifi.iisUa.tffli in 
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' Fig. 33, has proven a most practical and reliable engine 
of this type. The illustration represents a view of the 
upper portion of the cylinders with the rotary valves A 

I in place in cyUnders //, ///, and IV, and removed from 




IPig. 31. — Knight Sleeve-valve Motor; Section to show Operatio; 



ylinder /, The valves consist of circular disks A, A, 

""revolving in recesses machined in the cylinder heads 

R, R, and are provided with openings B, which correspond 

in shape with openings in the cylinder heads, C, D. Tlie 



68 GASOLENE ENGINES 

cylinder (position IV). On the upward or compressioQ 
stroke the valve continues in its rotation and covers 
the inlet port C and permits proper compression of the 
charge which is fired in the usual manner (position //). 
After the explosion the piston on its downward stroke 
revolves the shaft with its connecting gears and thus 
rotates the valves until the opening B uncovers the 
exhaust port D, through which the burnt gases are forced 
by the returning piston (position ///). This motor is 
too new to judge of its ultimate future or general adoption, 
but it possesses many advantages over either the poppet- 
valve or sleeve-valve types, and where it has been used 
it has given most highly satisfactory results. The 
exhaust opening being a trifle larger than the inletj 
allows a full and perfect scavenging of the burnt 
while the uniform and accurate opem'ng of the inlet 
and exhaust ports is fully equal to the same results 
obtained in the Knight motor. The valves being df 
bronze form their own bearing surface on the iron of. 
the cylinders, while the constant rotary motion and the 
fact that they are always firmly seated prevent the 
formation of carbon deposits. Of course there is some 
wear of the valves against their seats, but adjustment 
for taking up this small amount of abrasion is provided. 
There is comparatively little friction and the valves 
are provided with ball bearings at the upper end of the 
stems, while the action of the spiral or helical gears is' 
positive, accurate, and practicaUy noiseless. The shaft 
gear, vertical valve driving rod, and valve gears are all 
enclosed, giving the motor a very neat and clean appear- 
ance, and yet all are readily accessible. Although here- 
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tofore used principally as a marine engine, yet there is 
no reason why the rotary-valve motor should not give 
equally good results in stationary or vehicle use, iuid 
automobUes are now being equipped with this motor 
which will doubtless prove most successful. 
Another rotary-valve engine which has recently 




Fig. 34.— Offset Cylinder Motor 

speared oii the market is the Russell motor manufac- 
tured by The Silent Valve Co. of America. In this 
engine the rotating valves are conical in form and 
through a special arrangement of driving yokes and 
springs the valves automatically adjust thcroselv^^ W. 
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wear or expansion. Doubtless many other designs of] 
rotary- and slide-valve motors will soon appear, for the I 
present tendency of design is to improve upon the old I 
poppet-valve mechanism. For general use, however, it is 
doubtful if this type of valve can be greatly improved 
upon. 

Four-cycle motors vary considerably in design and J 
arrangement of parts with different makers. These! 
motors, as well as those of the two-cycle type, are often I 
made with the cylinders offset (Fig. 34), a system which 
is supposed to overcome the tendency to a dead centre 
and which is used to a considerable extent on vehicle 
motors but has never become general on marine or 
stationary engines, but is a special feature of the well- 
known Ferro engines. Motors with the cylinders 
horizontal and opposed or opposite are also widely 
used, and this arrangement has many advantages over 
the vertical -cylinder motors and has been adopted by 
many makers of marine, vehicle, and stationary engines. 
These motors are very compact, hght, and powerful, 
and the balanced method of construction gives a mini- 
mum vibration owing to the impulse from the opposite 
pistons overcoming the jar and rotary tendency of 
ordinary motors (Fig. 35). For small vehicles such 
motors are excellent and in many classes of boats they 
are far more convenient than the regular vertical engines. 
Their operation, as well as that of certain "V-shaped" 
models, is practicaUy the same as in the ordinary four- 
cycle motor, but in the opposed -cylinder type the two 
cylinders may be adjusted so that the explosion in the 
two cyUndeis occurs alternately, thus giving an impulse 
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tfOT every revolution as in a two-cycle motor. Multiple- 
ylinder, four-cycle motors are made in from two to 
r more cylinders, but in the four-cylinder machine 




Fig. 35. — opposed Cylinder Motor 

'■tiie cranks are set at an angle of rSo degrees and are 
commonly constructed with the two central cranks close 
together without a central bearing, or with a very small 
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one, thus allowing the two middle cylinders to be more 
closely placed and saving considerable space (Fig. 20, 
B, C). This method is possible in a four-cycie motor 
as the crank case is open and is one continuous chamber 
from the front to rear cylinder. In the two-cycle motors 
the crank cases are separate and closed and it is therefore 
necessary to have each crank separated by a gas-tight 
bearing on the shaft. 

The fact that four-cycle, four-cylinder motors have 
cranks at 180-degree angles renders such motors more 
irregular in the pressure exerted on the shaft and causes 
more vibration than either three- or six-cylinder motors 
of the same type; and the latter are rapidly taking the 
place of the four-cylinder engines where silent, steady 
operation is desired. 

In addition to the ordinary types and practical forms 
of both two- and four-cycle motors, many original and 
remarkable variations in design and construction are fre- 
quently patented and offered for sale. Such designs 
are mainly freaks, and while some of them — such as the 
true rotary motor — may eventually be perfected and 
become practical for every-day use, yet at the present 
time a satisfactory rotary gasolene engine is unknown. 
Among these freak designs is the type illustrated in Fig. 
36. In this engine the explosion is balanced by the 
motion being transmitted through the levers D, F to 
the cranks G, while the explosion occurs between the 
two pistons B, H, thus driving the levers D, D by the 
connecting rods E, E. While this motor actually works, 
yet it has no advantage over any other opposed-cylinder 
motor and has innumerable disadvantages, not the least 



THEIR OPERATION, USE, AND CARE 



73 



of which is the extra weight of the various moving parts. 
All these levers, cranks, etc., also add a great deal to 
the friction, while the loss of power through worn bearings 
and lost motion more than offsets any possible advan- 
tages the design may possess. Numerous motors have 
been designed in which an impulse occurs alternately 
at opposite ends of a piston, thus giving an explosion for 
every stroke of the piston. Motors of this design are 
expensive to construct and the difficulties in properly 




^ig- 36. — Freak "Balanced" Motor 

cooling and lubricating the connecting and piston rods 
are very great. In very large sizes such engines are 
in use, however, and give excellent satisfaction. A 
detailed description is not necessary, as the operation 
of these motors is practically identical with single- 
acting engines, although in some designs the mixture 
of fuel and air is forced into the compression chamber 
by the action of a pump cylinder operated by an eccentric 
or cam. 
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Both two-cycle and four-cycle motors are frequently 
made in horizontal form (see Fig. 37) for stationary use. 
For such purposes a horizontal engine is often superior 
to a vertical machine, as it gives a wider, longer, and 
more stable bed in proportion to the height from floor, 
and in addition it permits of the use of large and heavy 




Fig' 37- — Horizontal Motor 

fly-wheels which give steadier running with less vibrt 
tion and decrease to a minimum the liability of the'* 
motor stalling when operating under a heavy load. 
The operation of a horizontal engine is in no maimer 
different from that of a vertical motor of the same tyi 
and hence a further description is not necessary. 



CHAPTER IV 

Parts of Two-cycle Motor. — Parts of Four-cycle Motor. — 
Cooling Methods; Water- and Air-cooled Motors. — 
Design and Construction of Motor Parts; Cylinders, 
Pistons, Piston-rings, Connecting-rods, Crank-cases, 
Jackets, Shafts, Counterweights, Bearings, Gears, Cams 
and Valves, Fly-wheels; Accessibility. 

By reference to the following figures and explanations 
of cuts it will be seen that the number of parts in the 
two- or four-cycle engine is not very great, but as many 
of the smaller parts, such as the various bolts, screws, 
nuts, pins, springs, washers, etc., are duplicated many 
times, the actual number of pieces used in an engine 
is very large. While the main parts, such as cylinder, 
shaft, piston, connecting-rod, piston-rings, crank-case, 
fly-wheel, etc., are identical in either type of motor as far 
as actual numbers go, and in multiple-cylinder engines 
are merely duplicated for each cylinder, the four-cycle 
motor has in addition numerous pieces of mechanism 
connected with the valve and cam shaft that are wanting 
in the two-cycle motor. The illustrations represent 
motors of both the water-cooled and air-cooled jump- 
spark type. Air-cooled motors have fewer parts owing 
to the absence of pump, water pipes, check valves, etc. 
(Fig. 39), while the make-and-break system of ignition 
requires more parts than the jump spark (see Fig. 40). 
All gasolene and internal-combustion engines require 
cooling of some sort to prevent overheating^, wa.tij\a%^ 
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Parts of Two-cycle Motor 
(Jump Spark, Water-cooled) 



A , Cylinder 

5, Water Jacket 

C, Piston 

Z), Piston Rings 

£, Piston Pin 

Fj Connecting Rod 

G, Crank Case or Base 

Hf Bearing Head or End Plate 

/, Main Bearings 

/, Connecting-rod Bearings 

K, Piston-pin Bushings 

L, Counterweights 

JIf , Oil Duct to Connecting-rod 

Bearings 
N^ Crank 
O, Crank Shaft 
P, Timer Gears 



Qj Gear Cover 

R, Timer Shaft 

5, Timer 

r, Fly-wheel 

Z7, Fly-wheel Locknut 

F, Fly-wheel Key 

W, Ball Thrust 

X, Pump Eccentric 

F, Pump Plunger 

Z, Pump Packing Gland 

PKf Pump Packing 

PB, Pump Body. 

CV, Check Valves 

Z)C, Drain Cock 

FC, Firing Chamber 

SPf Spark-plug Hole 
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Parts of Four-cycle Motor 
(Jump Spark, Air-cooled) 



i4, Cylinder 

AH, Cylinder Head 

5, Radiating Flanges 

C, Piston 

Z), Piston Rings 

DC^ Drip Cock 

£, Piston Pin 

F, Connecting Rod 

FA^ Connecting-rod Cap 
FCt Firing Chamber 

G, Crank Case 
GA, Base Plate 
H, 

/, Main Bearings 

/, Connecting-rod Bearings 

Kj Crank Pin 

LL, Counterweights 

JIf , Valve Driving Gear 

N, Crank 

O, Crank Shaft 

P, Timer Gears 

5, Valve-gear Shaft 



Rj Timer Shaft 

5, Timer 

SP, Spark Plug 

T^ Fly-wheel 

Z7, Fly-wheel Locknut 

F, Fly-wheel Key 

W, Ball Thrust 

X, Valve Gear 

F, Valve Cam 

Z, Valve Push-rod Roller 

ZAy Valve Push-rod 

VEf Exhaust Valve 

VEF, Exhaust-valve Foot 

VEGy Exhaust- valve Stem Guide 

VESy Exhaust-valve Stem 

VETy Exhaust-valve Spring 

VI, Inlet Valve 

F/G, Inlet- valve Stem Guide 

VI Sy Inlet- valve Stem 

VITy Inlet- valve Spring • 

IV, Inlet 

EXy Exhaust 
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Explanation of Fig. 40 
(Parts of Two-cycle Make-and-break System) 



A, Spark Plug 

Bf Movable Electrode 

C, Electrode Rocker Arm 

Dj Electrode Spindle 

E, Electrode Spindle Bushing 

Ff Angular Dog 

G, Trip Adjusting Screw 

Hf Plunger 

/, Plunger Thimble 



/, Plunger Spring 

Kf Rocker-arm Spring 

L, Dog Spring 

M, Slide Bar 

N, Slide-bar Guide 

Of Ecccentric and Eccentric Rod 

P, Pump 

Q, Pump Plunger 



i OPERATION, USE, AND CARF 81 




GASOLENE ENGINES 



and seizing of the cylinders and pistons, and this is 
accomplished either by means of air forced past the 
cylinders by a fan or blower, or by water circulated 
between the cylinder proper and an outer covering known 
as the water jacket (Fig. 38 B). 

Air-cooled motors are usually provided with flangeS' 
of thin metal cast on the cylinders (Fig. 39), to aid In 
radiating the heat, and are little used in comparison 
with water-cooled motors. In marine use the water- 
cooling system is used invariably, as it is very easy to 
connect the pump to an outlet and inlet and thus 
fresh, cool water circulating through the jacket while 
the motor is operating. When used for vehicle or 
stationary use a radiator or similar cooling system is used, 
through which the water is forced by the pump, and 
which, by numerous thin flanges or by thin-walled com- 
partments of small capacity, tends to radiate heat and 
thus cool the water. In stationary engines a large tank, 
or hopper, is usually sufilcient to cool the water throu^] 
exposure of a large surface to the air. A sheet of cloth, 
wire gauze, or a perforated plate is often used to aid in 
cooling the water from stationary motors, as the hot 
water from the engine flowing over this is rapidly cooled 
by radiation of heat from the large surface exposed 
the air. 

Ignition of either the jump spark or make-and- 
spark may be used in gasolene motors and as far 
efficiency is concerned there is but Uttle choice; 
make-and-break system is electrically simple ancC] 
mechanically complicated, while the jump-spark s] 
'em is just the reverse — electrically complicated 
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.cally simple. Ignition systems will, however, 
fealt with in detail in a following chapter and are 
^nentioned here in connection with the various parts 
lib motors. 

he actual value, life, and power of a motor depend 

ist as much upon the quality of material used and 

taken in the construction of its various parts as 

I its design and proportions. The cylinders are 

nonly made of fine-grained cast iron, and after 

ig to the proper size should be ground to a mirror 

, and fitted to within 

» of an inch. The piston 

tary considerably in shape 

[jroportion with different 

6 and types of engines, 

the general principle of 

ruction is the same, and 

ton is principaUy used in 

pg them. A perfect-fitting 

9 is essential to a good 

r, for if too loose the 

^sion will be lost, where- 

too tight, it wiU bind 

hot and score the cyl- 

walls or prevent the 

; from operating. It is 

aaiy to test all pistons 

flinders by limit gauges; 

these gauges is 1/2000 of an inch oversize, the other 
me amount undersize, and if the parts fit the under- 
,01 fail to ht the oversize gauge they should be 
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discarded. The piston should not fit the cylinder toe 
snugly, however, for allowance must be made for expan- 
sion when hot, and in order to allow for this and yet to 
retain gas under compression, piston rings are provided. 
These rings are made of cast iron and arc turned and 
faced on a lathe, ground on the sides, and are then cut, 
clamped together, and ground on the faces. They are 
made eccentric, — thicker on one side than the other, — 
and are cut with a diagonal or lapped joint on the thinner 



—Piston-pin 



side. The rings may be two, three, or four in number an( 
are placed in grooves on the piston and are usually 
pinned in position (Fig. 41). The rings are shghtly com- 
pressed when the piston is inside of the cylinder and their 
tendency to expand keeps them pressed firmly agamst 
the cyUnder walls, thus forming a gas-tight joint. 

The connecting-rod may be either of steel or bronze, 
and may be either cast or forged. The upper end, which 
fits inside the piston, is held in place by a hardened pin 
passing through the piston from one side to the other 
and known as the piston pin (Fig. 42). There are 
various methods of fastening this pin in place, but 
set-screws within the piston (Fig. 43, S) are. perhaps the 
most satisfactory. Some makers bush the pin where it 
fits the piston walls and fasten the connecting-rod to 
the pin (Fig. 44), while others fasten the pin to the piston 
and provide a bearing surface for the connecting-rod 
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head by placing a bronze bushing between the pin and 
connecting-rod (Fig. 45). The latter system is preferable 
as it obviates any danger of the pin working endwise 
and scoring the cylinder walls. The lower end of the 
connecting-rod is spUt, or cut, through the centre of the 
hole bored for the crank shaft, and a babbitt, or bronze, 
bearing fitted in place and the two parts clamped 
together around the crank shaft. There are various 
methods of fastening the bottom cap to the rod proper, 




Ffe- 43-— Piston -pin held by Set- 



but a hinge on one side and cap-screw with double nuts 
on the other is widely used (Fig. 46). Other makers 
used a loose cap held to the rod by screws on either side, 
and while this method allows of finer adjustment, it is 
not so convenient as the hinged cap (Fig. 47). Crank 
cases may be cast from iron, steel, aluminum or other 
metal, and may be made either solid, with one end 
removable (Fig. 48) ; with split base (Fig. 49) ; with both 
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bearings or end plates separate (Fig. 50) ; or the upp« 
portion of crank case and cylinder may be cast in one 
piece with a separate c\ Imder head held in place by bolts 
(Fig 51! or 1 combination of two or more of the above 




Fig. 45.^ — Piston- pin bushe 
in Connecting-rod 



may be used. In either case all joints should be turned 
and faced true and smooth and thin gaskets of paper, 
or similar packing, placed between the ground surface 




Fig. 46,^Ct>nncc ting-rod with Hinged Cap 



Crank cases are commonly furnished with hand-holi 
plates on the sides (Figs. 50. 51, //), and these should be 
0/ ample size to permit tightening or adjusting the 
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, connecting'Tod bearing witboiit taking down the motor; 
many motors are made in which the hand-hole plates 
are so small that they are absohitdy useless. Of course. 




Fig. 47. — CoDoetting-rod with Boiled Cap 



in four-cycle motors, the base being cf>eii and the entire 
side plates removable, there is no trouble in getting at 
the crank shaft. 
In small-sized motors it is often easier to remove the 




F^. +8.— Ba* with One End Remtn-abfe 



Cytiader to reach the piston and crank shaft than to 
attempt working through a hand-hole in the base, but 
in latge-powered and bea\y mottns X^ ^ian&\»^ES> "isk. 
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preferable, and in this class of engines removable 
cylinder heads are a great convenience as they permit 
the piston being withdrawn through the cylinder by 
simply removing the head and disconnecting the con- 
necting-rod from the shaft through the hand-hole plates. 




Fig. 49. — Split Base 

Water jackets are usually cast integral with the cylinders 
(Fig. 38), but in a number of light-weight motors — 
especially those for vehicle use — the jacket is formed 
from spun copper or similar material and is clamped 
over the cylinder, leaving a space between the two 
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(Fig. 52), This method is very satisfactory where fresh 
water is used for cooling, but for salt-water use it is not 
advisable, as the salts in the sea-water set up galvanic 
action between the copper jacket and the iron cylinder 




|0 H 



@ 



^M^ 



Fig' 50' — Both Ends of Base Removable 

and this soon eats away the cylinder and causes rapid 
corrosion. 

Crank shafts are perhaps too often neglected in the 
smaller and cheaper motors, and even in. tcv^vj oi ^3Q!& 
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larger sizes they are not given as much care and attention ' 
as they should have. Crank shafts bear aU the strain 
and pressure of iJie explosive impulses and serve to 




Fig. 51. — Cylinder with Sepai 



transmit all the power to the machinery; they shoiUd'J 

therefore be designed with a large excess of strength and! 

ould be forged from the highest grade of steel. 
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hearth .35 to .45 carbon steel is excellent material, and 
after forging into shape it should be annealed, which 
relieves the strain from forging and renders the steel 
tough and strong. They should then be machined to 




Fig. 52. — Water Jacket Clamped On 

within 3/1000 of an inch in size, and finally ground to 
a mirror finish, where the bearings are to fit. Many 
otherwise good motors have cranks without counter- 
balances, but these are most essential to single-cylinder 
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motors if smooth running and lack of vibration i 
desired. There are many methods of fastening counte 
weights to crank shafts, some of which are shown i 
rig. 53. Malleable-iron weights fitted to the crankS 
and dowelled and riveted answer very well and arel 
widely used (Fig. 54). This is the method adopted by 1 
the Gray Motor Co. Bearings are most important parts 
of a motor, and various materials are used by different 
makers. Babbitt, bronze, white-bronze, and various ■ 




Fig- 53. ^Methods of Fatrening t" 






Special alloys are utilized, and each has its advantages 
and disadvantages. Babbitt is excellent, if of very high 
grade, but will melt and cut badly if improperly lubri- 
cated or overheated. Bronze will wear well and 1 
stand considerable heat, but will cut and injure the shafH 
or other moving parts if allowed to run dry or wear loose^ 
l\Tiatever material is used, the fit should be perfect a 
the bearings so constructed that they are easily remoV'^ 
able and interchangeable. The Gray Motor Co. uses a 
very high grade special babbitt, and the main bearings 
are very long and so constructed t\vat. t.'ae'y ave removable 
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and interchangeable in a few moments (Fig. 55). In a 
two-cycle motor the size and length of the main bearings 
are very important, for if worn or loose the crank com- 
pression will be lost and the motor's efficiency destroyed. 
(Jears, timer parts, and all water connections on marine 




Weights 

rnotors should be of bronze, or similar metal, to prevrat 
rust and corrosion; and if quiet-running gears are desired 
they should either be made in pressure die moulds from 
bearing metal or should be made with fibre or rawhide 
inserts or with slanting or hehcal teeth (Fig. 33). The 
)articular kind of gears used depends \ai%d'y vs^^ftift 
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experience and personal choice of the manufacturerJ 
Some use one kind and some another, but iron or steelfl 
gears are to be avoided as far as possible unless of the^ 
worm or helical type, for bevel or spur gears of these-J 
metals are invariably noisy and wear rapidly. The| 
bearing-metal gears used in the "American motors" 
run very quietly and give excellent results. These geare 1 
are cast in special moulds and are formed under several J 
tons' pressure. Other makers obtain equally good J 



Fig. 55. — "Gray" Removable Bearings 

restiits by using fibre inserts in the teeth, or by takioj 
great care in cutting all gears on special machines whid 
insure the utmost accuracy. 

Cams for operating the valve mechanism of four-cycIeS 
motors should be of case-hardened steel, and the samel 
metal should be employed wherever severe friction od 
continual pounding occurs, as on push-rods, valve-stenft 
feet, rocker arms, etc. Valves are made of variou! 
materials, but the best forms are those forged from high-J 
grade nickel steel. Cast-iron valves with steel stem 
I riveted in place were formerly used, but it well repajl 
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any motor-owner to replace all such valves with new ones 
forged from the best quality steel. 

Accessibility in a motor is a very important matter 
and one that is all too often overlooked. Many motors of 
excellent design and most careful construction are so 
assembled that in order to get at some small minor part 
it is necessary to take down the entire motor. Of course 
it is practically impossible to build a motor in which 
every part can be removed without disturbing some other 
part, but the nearer one can come to this ideal condition 
the better. Cylinders should be removable without 
disturbing the base or shaft, and all piping and water 
connections should be so arranged that they can be 
easily removed or disconnected without disturbing the 
rest of the motor. In this connection the fly-wheel is 
of considerable importance, and in many motors this 
is very difficult to remove, although, in order to reach 
the gears or pump eccentric, it is necessary to remove it: 
Wheels that are fitted to a straight shaft and keyed in 
place often rust fast to the shaft and are almost as solid 
as if a part of it. While it is absolutely necessary to 
have the fly-wheel tight, to avoid vibration and pounding, 
yet it should be fastened in such a way that it can be 
taken off without special tools or machinery. Several 
makers use a tapered end to the shaft fitted in a tapered 
hole in the fly-wheel. The wheel is forced on the taper 
by a large nut and is prevented from slipping by a key 
(Fig. 56). Such wheels are usually easy to remove, 
but a still better plan is to use a bushing of bronze 
between the shaft and the wheel, as this prevents the 
iron wheel from rusting to the steel shait CF\%. V\N. 
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F^ig- 56. — Tapered Fly-wheel Shaft with Key 




F ig- 57- — Tapered Fly-wheel Shaft Bushed 




^'k- 5^- — Tapered Fl\'-whec\ Shalt V\\Vv RviVcsisiu^ Nut 
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Still another method which renders the wheel easy to 
remove is illustrated in Fig. 58. This consists of a 
tapered shaft with shoulder A, which is threaded and 
provided with a nut B, The wheel is forced up on the 
taper and shoulder as in the ordinary tapered shaft 
and the nut B is then set up against it. When the wheel 
is to be taken off the forward lock-nut C is removed, 
and by turning the rear nut B against the wheel the latter 
is easily forced off the shaft. This idea is original with 
the author and has been employed on several motors 
with great success. Even with a straight shaft and key 
the rear nut will force the wheel from the shaft unless 
very badly corroded. 




Motor Accessokies — Vaporlzers — Carburetobs — Cooling Sys- 
tems — Fans and Puups — Cihculatinq Devices — Lubrica- 
tion — Gravity and Fokce-feed Oilers— Grease Cups- 
Oiling Systems. 

All attachments and parts of a gasolene engine, not 
actually a part of the motor itself, may be classed under 
the general head of Accessories, for while these various 
devices may outnumber the parts of the motor and the 
latter may be incapable of operating without them, yet 
they are seldom manufactured by the motor manufac- 
turers and often are of equal importance and of greater 
value than the bare engine. In fact a motor without 
accessories is no better than so much old metal, as far 
as use is concerned. Nevertheless, many owners or 
operators of gasolene motors who are very careful to 
purchase or use the best motor that money can buy 
are very careless or indifferent where the attachments 
or accessories are concerned. In reality most failures of 
gasolene motors to give satisfaction are due to faulty 
or poorly constructed or obsolete accessories. The best 
motor in the world will not operate properly with poor 
ignition or poor vaporizing devices, whereas a poor motor 
will often work fairly well if furnished high-class ignition 
and fuel-mixing apparatus. Every gasolene motor must 
be supplied with some sort of device for furnishing the 
explosive gas and for so combining the air and fuel as to 
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form the proper mixture or "gas" to give the greatest 
possible explosive force without waste of fuel. 

Such devices are known as mixers, carburetors, or 
vaporizers, and they may be roughly divided into three 
groups: Vaporizers, Float-feed Carburetors, and Me- 
chanically operated Mixers. Gasolene, benzine, kero- 
sene, alcohol, or any other liquid fuel must be vaporized 
or transformed into an explosive gas by mixing with air 




F'g' 59-— Vaporizer 



before it can be utilized as a fuel for internal-combustion 
engines. The function of either mixers, carburetors, 
or vaporizers is to create a mixture of gasolene or other 
fuel with the air in such proportions as to give the highest 
efi&ciency. Vaporizers as a rule are cheaper and simpler 
than carburetors and are not nearly as satisfactory. A 
common form is illustrated in Fig. 59. ^ ^Itia "sa^. A- 
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represents the inlet to motor; B, the gasolene supply' 
pipe or inlet; C, the air intake; D, the needle valve; 
and E, the check valve. The gasolene flows through the 
opening of the needle valve D and the amount admitted 
to the motor is varied by screwing the valve up or down. 
While the check valve E is held on its seat by the spring 
F, the opening of the needle valve is closed and no 
gasolene flows through. As soon as the motor commences 
to operate the suction through the inlet A draws air 
through the inlet C and this suction raises the check 
valve from its seat, allowing a small jet of gasolene to 
run into the vaporizer. This gasolene is mixed with the 
air as it rushes through from C to j4 and passes into the 
motor in the form of a vapor or fine spray. By varying 
the adjustment of the needle valve D and the lift of the 
check valve E, the proportion of gasolene to air can be 
varied to suit the speed or condition of the motor. In 
theory this system is excellent, but in actual operatic 
it often proves faulty. 

The best form of fuel mixer is undoubtedly the float^ 
feed carburetor. A number of makes of these carbu- 
retors are on the market and each has its own good points 
and advantages. The operation of all is very similar 
and if one is thoroughly understood the others are easily 
mastered. A form in common use and which invariably 
gives most satisfactory results is known as the "Scheb- 
ler." This carburetor is made in several forms and types, 
varying in the arrangement of air and gasolene supply 
and regulating devices, but the simpler form known as 
"Model D" is as satisfactory for general use as any 
and IS far easier to understand than the more comphcated 
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models. This carburetor is illustrated in" Fig. 60, in 
which R represents the inlet to motor; G, the gasolene 
pipe inlet; A-C, the air intake; D-E, the needle valve; 
O, the automatic air valve; F, the float; and H, the 
float valve. The flow of gasolene fills the float chamber B 
until the float F rises upward and shuts off the supply 

MODEL " 




Fig. 60. — Scheblcr Carburetor 



by the float valve H. As long as the motor is inactive 
this level remains constant and no gasolene passes into 
the motor. As soon as the piston moves on the suction, 
or intake, stroke a current of air is drawn through C and 
across the opening of the needle valve to'«atd?.\.'&K.-m.'s'ws^ 
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inlet R. This draught of air sucks a small quantity of 
gasolene from the opening of the needle valve and this, 
gathering upon the walls of the air passage, rapidly 
evaporates and is readily combined with the inrushing 
air and converted into an almost dry gas or vapor. 
The small amount of gasolene drawn from the full 
chamber is at once replaced by the automatic action 
of the float and float valve. The proportion of air to 
gasolene is easily and accurately regulated by means 
of the needle valve and air valve, D and 0. It is usual 
to regulate the supply for the motor while running at 
medium speed and then by speeding up and slowing 
down so adjust the automatic air valve O, by means 
of the thumb nut W, that the best results ax% obtained 
at all speeds. The function of the check valve which is 
attached between carburetor and engine is merely to 
prevent the vapor in motor base from rushing back 
through the carburetor instead of upward through the 
by-pass to the firing chamber. It is therefore only 
necessary on two-port, two-cycle motors, for in the three- 
port type the piston itself acts as a check valve, while 
in four-cycle motors the mechanically, or spring, actuated 
intake valve prevents any backward pressure of the 
gases. 

This carburetor, as well as those of other makes and 
most vaporizers, is also provided with a throttle valve 
A', operated by a lever P, and which shuts off all or a 
portion of the gas entering the chamber of the motor 
by closing the opening R. This lever may be so adjusted 
by the set-screw 5 that the throttle cannot be com- 
pletely closed^ but will serve lo ieed V^^s^t the right 
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amount of vapor to operate the motor at the slowest 
possible speed. 

Another excellent carburetor of the float-feed type is 
the "Krice" illustrated in Fig. 61. In this carburetor 
C is the motor connection, D the cylindrical throttle; 
E the annular gasolene openings; F the gasolene level 
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Carburetor 

id float; G the gasolene bowl; K the needle-valve 
adjustment; L the throttle lever; M the air intake; 
R the inlet valve operated by the float; T the gasolene 
innection; U the needle valve; and V the drain cock. 
le advantages claimed for this carburetor are that the 
ilene, instead of being drawn from the needle-valve 
opening direct, is drawn through a narrow slit or open- 
ing nearly three inches in circumference and i/ioo of an 
inch wide and is vaporized within th« cha-tohet H,\!kcis. 




is the "Kingston" illustrated in Fig. 62. This car- 
buretor acts on the same general principle as those 
already described, but has five supplemental air-supplj 
inlets which are automatically opened and closed by 1 
bronze balls M, which float within the retainers N a^l 
high speeds, but close against their seats at slow spt 
thus doing away with the more uncertain spring actiog 
of other automatic air-regulating devices. As a i 
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the simpler and more positive the better in carburetor 
design, for a slight derangement in any part will result 
in variation of mixture and loss of power or stoppage of 
the motor. 

A form of mechanically operated mixer is shown in 
Fig. 63, which represents the mixer used on the Cadillac 




Mechanical Mixing Valve (Cadillac) 



single-cylinder automobiles. In this cut, A represents 
the inlet to the motor; B the gasolene inlet; C, the air 
intake; Z), the needle valve; £, the diaphragm; i', the 
valve seat; G, the adjusting screw; H, the mixer binder; 
/, the needle-valve spring; J , the binder screw; and 
K, the adjusting- screw binder. In operation the air, 
drawn inward by the suction stroke of the cylinder, 
causes the diaphragm E with the needVe -vaVjft a.\.\a)i&s&. 



106 



GASOLENE ENGINES 



to lift from the valve seat and thus permit a small quan- 
tity of gasolene to escape and mix with the inrushing air. 
The screw G bears upon a spring H which presses upon 
the top of the needle-valve stem, and this spring and 
screw are adjustable by means of the binder B and screw 
/ so that the spring exerts greater or less pressure upon 
the needle valve and thus allows it to raise higher or 
lower according to the requirements of more or less gaso- 
lene. When correctly adjusted this mixer gives excellent 
results, but the adjustments must vary with climatic 
variations and the conical head of the needle valve and 
its seat become rapidly worn and often permit too mucb.j 
gasolene to enter the chamber. H 

The carburetor of a motor is its most delicate piece (M 
mechanism and has been aptly called the "Heart of the 
Gas Engine." It should never be tampered with until 
everything else has been looked over in case of trouble, 
for it is often the work of several hours to readjust a 
carburetor correctly. It is a very common fault of many 
operators to continually fool with the carburetor or even 
to use it to turn ofE the supply of gasolene by screwing 
the needle valve onto its seat. This is a practice that 
cannot be too strongly condemned. Turning the 
needle valve against its seat injures both valve and seat 
and it is practically impossible to adjust it once it be- 
comes rough, burred, or bent. A regular cut-off valve 
or cock should be placed in the pipe line outside the car- 
buretor, and this should always be used for shutting 
off the fuel supply when the motor is not in use. A 
great deal of trouble with carburetors is caused by water, 
uj/cJes of dirt, getting in the gasolene and finding 
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its way into the needle valve. A gasolene-strainer 
should be placed between the fuel tank and carburetor, 
but even this will not always prevent foreign matter 
from working into the valve. Practically all float-feed 
carburetors have a drain cock at the bottom of the cham- 
ber, and this should be frequently opened after the motor 
has stood idle for some time and the gasolene allowed 
to run off. If the gasolene thus drained is caught in a 
glass bottle or similar vessel you will be surprised to find 
how much water or dirt frequently drains off. On 
multiple-cylinder motors it is often customary to use a 
single carburetor with the intake pipe or manifold 
attached to the several cylinders. This system often 
works to perfection, but in other cases a separate car- 
buretor attached to each cylinder proves far more satis- 
factory. Frequently on two-cycle, two-port motors 
apparent carburetor trouble is due to the check-valve 
spring being either too weak or too stiff. It usually 
pays to have several springs of varying strengths on 
hand and by experimenting with these excellent results 
may often be obtained when it is impossible to get satis- 
factory operation through carburetor adjustments alone. 
A very important part of the motor is the cooling 
system. In the case of air-cooled motors a simple fan 
driving the cool air across the motor is all that is required, 
and this is so simple and so easily watched that any 
tendency to overheat can b'e easily attended to. In the 
case of water-cooled motors the system is far more 
complicated, and overheating may be caused by some 
portion of the cooling system failing to operate where 
it is very difficult to locate it. A very simple system q( 
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water-cooiing used in many stationary motors, and iaj 
some vehicle motors, depends upon the well- know; 
fact that hot water rises, and by placing a hopper, orl 
radiator, at an elevation slightly higher than the mototl 




Fig. 64. — Plunger Pump 

and connecting it to the water jacket the water cott-l 
tinually flows through the motor about the cylinder.J 
This system docs not prove very satisfactory with two^ 
cycle motors, as in this t>pe of engine the explosion 8 
every revolution tends to heat the cylinder walls fal 
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faster than in the four-cycle motors where an explosion 
only occurs at every other revolution, thus allowing the 
motor to cool oS appreciably between the explosions. 
Usually a pump of some sort is used to force the water 
through the jacket and around the cylinders. This 
pump may be either of the plunger type (Fig. 64), of 
the gear tj^jc, or of the true rotary type. The plunger 
type of pump is very satisfactory where clear water is 



Fig. 65. — Rotary Pump 

used, but in marine use it frequently becomes clogged 
by bits of seaweed, shells, gravel, or other matter becom- 
ing wedged between the check valves (Fig. 64, A, A) 
and their seats. This is readily removed by unscrewing 
the check-valve caps (Fig. 64, B, B). 

In addition to this trouble the plunger pump is 
usually noisy and requires packing around the plunger 
(Fig. 64, C, C) in order to keep the pump from sucking 
air. Even when the plunger packing is as tight as it 
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can be made without offering great resistance, there il 
apt to be quite a little leakage of water which is exJ 
tremely objectionable. In vehicle use the imprac- 
ticability of keeping this type of pump tight has led to the 
almost universal adoption of some form of rotary pump. 
The true rotary pump is a very simple affair and may 
be driven by belt, cog-wheel, sprocket-and-chain, or 
by similar mechanical means; it has the advantage of 
operating noiselessly and. moreover, can be placed at 




some distance from the engine or where most con- 
venient. A common form of this pump is shown in 
Fig. 65, but the shape of the paddles or interior fans 
varies with different makes. This style of pump cir- 
culates a large quantity of water at low pressure, and 
where a longer pipe line is used or where there is danger 
of dirt or other matter partially clogging the circulating 
system the gear pump is preferable. The Lobee gear 
pumps are typical of this class of circulating pumps, 
and one of these is illustrated in Fig. 66. These pumps 
■ be driven in either diretUon, but the water will 
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always flow in the direction of revolution as indicated 
by the arrows in Fig. 67, A, B, For this reason a check 
valve should be placed between the engine and pump 
when a motor is frequently reversed, for otherwise 
air may be drawn into the intake pipe and an air-lock 
formed which will prevent the pump from working satis- 
factorily until the air is forced out and the pump primed. 



B 




Fig. 67. — Flow of Water in Gear Pump 

by pouring or forcing water through it and the pipes. 
Marine engines should always be provided with two 
check valves on the water pipe, one between pump and 
intake in boat and the other between the pump and water 
jacket (Fig. 38, CF). These prevent the water from 
flowing back from the cylinder through the pump, 
thus causing air in the pipes, and a\s»o pxtNtxsX \5ftfc\iQ«^. 
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I irom flooding if the pump, engine, or pipes are beiow 

Iwater line. With a rotary pump it is a good plan to 

I liave a cock or valve at the pump, or close to it, as in 

this way the pump can be primed, or oiled, through the 

cock without trouble. Both plunger and rotarj- or gear 

pumps should also be provided with a drain cock at 

the lowest point, from which all water may be drawn in 

I cold weather to prevent freezing, and there should be 




t cock between pump and engine so that by merely 
ing this the operator may readily ascertain if the 
jtintp is operating properly. 

L The water-cooling system in the Ferro engines {iilus- 
ated in Fig. 68) is unique and is well worthy of con- 
ideration. In these motors there is no exposed piping 
r connections as the water from the intake is pumped 
irectly into the water jacket by means of a plunger 
pump directly connected to the shaft. In the illustra- 
tions the system of circulation as weU as the simplicity 
of the pump are plainly shown. After leaving the pump 
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the water is forced through a channel in the crank case I 
and hence up to the jacket. Entering the water jacket ' 
the water divides and passes up on both sides of the ' 
exhaust port and then up and around the cylinder to the 
cylinder head, from which it passes into the exhaust 
manifold. It can then be piped either directly to a tank, 
to the outboard connection, or can be led into the 
exhaust pipe. At the lowest point in the water channel 
in the crank case there is a drain cock from which all 
water may be drained from the cylinder. 

Almost as important as the vaporizing system is the 
lubrication equipment, for if allowed to run dry, or with 
too little oil, a gasolene motor will at once heat up and 
will soon be ruined beyond repair. If fed too much oil, 
carbon will accumulate in the cylinder, on the piston 
and valves, and will even choke up the muffler and 
exhaust, besides causing a disagreeable odor and excess , 
of bluish smoke. Lubricators or oilers may be divided 
into three groups: gravity oilers, force-feed oilers, and 
grease cups. Gravity oilers consist of a tank or other 
receptacle to hold the oil, with pipes running to the 
various points of the motor requiring lubrication. 
They operate by the oil dripping through from the 
reservoir by gravity, and in order to aid in their opera- 
tion a small ball check is usually placed at the top of 
the oil pipes. This class of oilers is in general use and 
they may consist of either a large tank from which 
numerous pipes lead, or may be merely independent 
oil cups. Several makers now have glass-bodied oil cups 
with several feeds, as illustrated in Fig. 69. For smalt 
or single- cylinder motors these oilers answer all require- 
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ments, but they require frequent refilling and the best 
of them are apt to leak oil and become greasy and dirty. 
Force-feed oilers are very different in principle and 
construction; they consist of a tank or receptacle for 
the oil, within which is a compact oil pump operated 
by a lever, puUey-wheel, or gears 
connected to the engine, and 
this pump forces the oil through 
the pipes to the proper points. 
As the pump will force the oil 
against high pressure there is 
no danger of the pipes becoming 
clogged or the oil failing to reach 
the bearing surfaces. On some 
portion of the oiler there are 
small tubes, enclosed by glass, 
through which the oil is forced 
in drops in exactly the quantity 
that it is fed to the engine. 
This acts as a sight feed, and 
by means of plungers, or screw 
adjustments, the flow of oil to 
any or all pipes may be regu- 
lated to feed the proper amount. On large-size, mul- 
tiple-cyhnder, vehicle motors or any motor that 
operates for some time without continual observa- 
tion, the force-feed system is a necessity, and although 
the first cost is more than for the gravity oilers the results 
are fully worth the additional outlay. An excellent 
type of this class of oilers is manufactured by the Detroit 
Lubricator Co. (Fig. 70), while those of the Osgood 
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Lubricator Co. are illustrated in Fig. 71. Grease cujbI 
are used on bearings, shafts, and smiiiar places, and! 
consist of a cup which is filled with grease that can be t 
forced onto the bearings by means of a plug, or plunger, 
screwed into the cup (Fig. 75}. For marine and sta- 
tionary work these grease cups answer very weU, but 
if the motor is provided with a force-feed lubricator or 




Fig. 70, — "Deti 



feed Lubricator 



a tank gravity-feed oiler it is better to oil the bearingsl 
by the regular lubricator pipes. The principal pointsfl 
for lubrication are the piston, piston-pin, connecting^;! 
rod bearing, main bearings, and, in four-cycle motorSj,B 
the gears, cams, and push-rods. 

The proper amount of oil to be fed depends largely' 1 
upon the size and speed of the engine and its age and care* J 
A new motor will require more oil than one wliich 1: 
been operated for some time, while an engine that hasj 
become badly worn, and loses compression, may oHeeii 
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Fig. 7l.^"Js^0jd" Forct-feed Lubricator 
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be made to operate far better by feeding an excess of oil 
which serves to fill the leaks around piston rings and 
bearings and thus hold compression. Usually from six 
to fifteen drops per minute is sufficient for a well-cared-for 
motor. Another method of lubrication that has many 
advantages consists of oiling the motor through the 
gasolene. To accomplish this, oil should be added to 
the gasolene in the proportion of one pint of oii to five 
to eight gallons of gasolene. The oil and gasolene must 
be thoroughly mixed and this may be accomplished 
either by stirring them together before placing in the 
tank or by pouring both together through a funnel 
with a strainer. Another method is to mix the oil with 
a small quantity — about a gallon — of the gasolene and 
then add this to that in the tank. The oil thus 
mixed is held in suspension in the gasolene in minute 
globules, and passes with the gasolene through the 
carburetor. Within the motor the gasolene is vaporized, 
while the oil is deposited over all parts of the interior 
of the motor, thus lubricating it very thoroughly. This 
method gives excellent results but has numerous disad- 
vantages. If one has a private gasolene supply where the 
oil may be properly mixed in known proportions there 
is little trouble, but if you purchase oil or gasolene here, 
there, and everywhere — -as is necessary when on a 
cruise with a boat or on a long automobile trip — it 
is next to impossible to get the proper proportions every 
time; either too much or too little oil is sure to result 
under such conditions, and in addition it is considerable 
trouble to stop and mix the oil and gasolene every 
time the tank is refilled. Moreover, the oil passing 
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through the carburetor has a tendency to keep the 
carburetor oily and accumulate dirt, while oftentimes 
the oil becomes gummy and hard from cold weather, 
or from the cold generated by evaporation on the 
carburetor, and the latter then becomes clogged and 
fails to operate properly. In four-cycle engines the oil 
often accumulates on the valve stems and causes them 
to stick, or is forced into the exhaust pipe and muffler, 
causing clogging and soot. 

The most difficult parts of a motor to lubricate slut- 
cessfully are the piston-pin and crank-shaft bearing of 
the connecting rod, and this is accomplished in various 
ways. A common and good method is to have a hole bored 
through the piston-pin and another through the connect- 
ing rod connecting with the former. The oil, fed into the 
cylinder, lubricates the piston and also enters the hole 
in the piston-pin and, after lubricating the bearing at 
the head of connecting rod, finds its way down to the 
crank shaft. This method is excellent on small to 
medium-sized engines and is well shown in Figs. 38, M\ 
43 and 44, jO; and in Fig. 74. 

To lubricate the crank-shaft bearings still more 
effectively a splash system is used in many motors in 
which a quantity of oil is kept in the bottom of the crank 
case and into which the connecting-rod cap and crank 
shaft dips at each revolution, thus splashing the oil about 
and lubricating the various internal parts. Practically 
all two-cycle motors lubricate more or less on this 
principle, for there is always an excess of oil accumu- 
lating in the base into which the crank dips. To more 
evenly distribute the oil in the base a sy^\jerci oi cjiItcdl^ 
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oil up to the distributor. As a constant pressure is 
mnintaiiipri in the lank only a very slight additional pres- 

MiH- i- ii!|uiir(l to torn' uil to the sight feeds and hence 





I Fig, 74.^"Gray" Lubricniiiiy byslem 

to the various points requiring lubrication. Aside from 
adjusring the needle valves on the distributor and keep- 
ing the tank full of oil, this device requires but little 




Fig. 75--^n 



jattentioii and is practically automatic; operating i 
the motor runs and ceasing as soon as the engine stops. 
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The two general sources of electricity for ignition are 
wet or dry cells and magnetos or dynamos. A storage 
battery does nol generate electricity but merely stores 
that generated by a dynamo or other apparatus. By 
passing the electrical current through a contrivance 
known as a "spark, coil" a certain change takes place 
in the electrical current and the voltage is increased. 
If the coil consists of a soft iron core with numerous coils 
of wire around it it is known as a Primary Coil, and is 
the kind used in the make-and-break system of ignition. 
If, however, the coil is composed of two different kinds 
of wire with the outer coil finer than the under and not 
connected with it, it is known as a Secondary Coil, such 
as is used in the jump-spark system. 

Dynamos and magnetos are mechanical devices used 
to produce electricity, and a simple form of one of these 
is represented diagrammatic ally in Fig. 77. The pieces 
A and B are electro- magnets, or, in other words, arc 
pi.^ces of iron magnetized by means of a small current 
known as a shunt S, made to pass around them as shown. 
This shunt current is really a small part of the current 
produced by the dynamo itself. The ends of these two 
pieces of iron are known as poles and between them is a 
space known as the magnetic field. In this area an axis 
or armature, C, is rotated, upon which wires are wound 
so that the windings are continually passing through 
the lines of force between the poles and thus currents 
of electricity are generated in the wires. As the rotation 
of the armature causes currents in the wires which flow 
in opposite directions, these currents are gathered so 

/ will flow in one direction l^vrou^ \.\\e outside wires 
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where the current is to be used, and to accomplish this 
purpose small pieces of carbon or other substance 
known as brushes, D, are used which rub on small 
segments of copper known as a commutalor, E, at- 




f ig' 77- — Diagram of Dyi 



tached to the end of the armature and to which are 
fastened the ends of the wires used in winding the 
armature. The brushes are so arranged that they touch 
the copper pieces connected with the proper wires so 
that a direct current will flow through the outside 
circuit. 

In Fig. 78 is a diagrammatic section of a magneto. 
Here A and B are the magnets, but m tVis case, 'Coa'^ m«. 
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permanent, or true, magnets and no shunt current IB ] 
required; it is mainly in this detail that dynamos 
differ from magnetos. An electrical field exists between 
the poles or ends of these permanent magnets, and a 




Fig. 78. — ^Diagram of Magneto 



revolving armature C with its windings cuts through 
the lines of force, producing currents in the wires exactly 
as in the dynamo. Brushes D and a commutator E are 
again used in this case to gather the flow of current in 
one direction. The strength of current generated by the 
above machines is dependent upon the size of wire, the 
strength of the magnetic ft.e\d, Vne number of turns q( 
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wire, and the speed at which the armature is rotated. 
For this reason the shunt current of the dynamo increases 
rapidly as the speed of the machine increases, thereby 
increasing the magnetism of the electro-magnets and 
the field so that the strength of current will increase 
more rapidly in this type with the speed at which it is 
operated than it will in a magneto with permanent 
magnets. To obviate this difficulty with the dynamo 
a governor is supplied which regulates the speed of the 
armature regardless of the speed of the engine to which 
the mechanism is attached. This governor is essential 
where a magneto or dynamo is to be used for ignition 
in order to prevent burning out the wires at high speed 
and yet produce a good spark at low engine speed. As 
a source of current either a dynamo or magneto may be 
used exactly as if it were a storage or dry battery, or 
it may be attached to a switchboard and used to accu- 
mulate electricity in a storage cell which can then be 
utilized for ignition and lighting. 

Magnetos are divided into two general classes, high- 
tension and low-tension. The low-tension magneto 
consists of magnets as usual, but with a primary winding 
only, as in primary coils, and the current is broken at 
the instant of its greatest intensity. Other low-tension 
magnetos are fitted with timing devices by which the 
current can be broken and a spark produced when 
desired, thus allowing the spark to be retarded or 
advanced and thus regulating the time when ignition 
of the charge in the engine takes place. 

High-tension magnetos have an armature provided 
with two windings like the iump-spa,Tls. cjcSa. 'Yoasfc 
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machines are fitted with a mechanical breaker whicli 
produces an induced effect on the secondary winding 
and therefore no spark coil is required. The Bosch,. 
Simms, and various other magnetos are of this type. 
Another high-tension system consists in using a sort of 
low-tension magneto in which the current is passed 
through an induction coil fitted with a mechanical 
breaker. The Splltdorf, HoUey, and Eiseman magnetos 
are of this type, while the Remy magneto has a sta- 
tionary winding with two revolving inductors, thus 
eliminating revolving wires, brushes, and moving con- 
tacts. The great majority of magnetos in use, however, 
are of the low- tens ion type, and these possess the great 
advantage that their current can be passed through the 
regular spark coil and thus be switched off or on from 
the battery circuit at will. Moreover, these machines 
may be used with advantage for lighting purposes. The 
Eureka magneto manufactured by the Henricks Novelty 
Co. is of this type, and this wonderful little machine 
will ignite the motor charge and operate a total of 36 
candle-power electric lights at the same time. This 
firm also manufactures a number of other magnetos, 
among them the "Comet," which is probably the 
smallest and most compact magneto made that is really 
practical. Many magnetos are inaccessible and are so 
complicated in construction that if out of order an 
electrical expert must be called on to adjust them. In 
the Comet the parts are very few and any one can take 
down, adjust, and repair one of these machines. The 
WustratJon {Fig. 79) shows the few parts and simple 
ajstruction, while the brush \YciVdeT^ cii.'ci. be removed 
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liiout wrench or screw-driver, thus permitting exam- 
lation or cleaning at any time. 
■ A unique variety of magneto which has recently been 




Fig, 79. — Paris of '' Comet " Magneto showing Accessibility 

jcrfected is the "Wico Igniter" made by the Witherbee 
ignition Co. In this machine there is no rotary motion, 
he electrical current being generated by tet\\rtw:a.M\&.^, 
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or sliding, motion only. This remarkable machine i 
illustrated in Fig. 80. The magnets consist of tungsten 
steel permanently magnetized and fastened to cast-iron 
pole pieces which carry the magnetic lines of force from 
the poles to the soft iron cores. The pole pieces are 
fastened to the base casting and support the magnets' 




Fig. 80.—" Wico 

cores and coils. The cores fit into slots in the pole 
pieces and are built up of sheets of soft iron, and 
each core extends from just beneath the upper arma- 
ture down through a pole piece and coil to just 
above the bottom armature. The armatures consist 
of sheets of soft iron mounted on a spool-shaped 
piece which in turn is loosely fitted onto the squared 
end of the armature bar. This armature bar is 
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a piece of steel, its central cross-section being flat while 
its ends carry the armatures and are square. This 
leaves shoulders which bear against the armatures 
through the medium of fibre washers, the shoulders 
serving to carry the armatures in and out of contact 
with the cores when in operation. The armature itself 
is freely supported by a box-shaped guide which is 
fastened to the case. On the outer ends of the armature 
bar are spiral springs held in place by cup-shaped washers 
and pins, making a self-locking fastening similar to 
valve-spring fastenings. These springs bear against the 
armatures and force them against the shoulders of the 
armature bars. The coils each have a simple, high- 
tension winding and are connected by a metal strip, 
thus making a continuous winding. In the single- 
cylinder machine one end of the winding is grounded 
to the case of the igniter while the other end runs to the 
spark plug of the motor. In two-cylinder machines 
no ground connection is used, but both ends of the wind- 
ings are connected to the plugs of the motor. In the 
back of the case there is a square slot in which slides 
the square driving bar. This bar receives its motion 
from the engine and at its upper end is provided with a 
pivoted latch of hardened steel. The latch is held in 
against the latch block by a spring which fits into a 
recess between the latch and the driving bar. Above the 
latch is a hardened steel timing wedge which is held 
upward against the timing quadrant by a spiral spring. 
The timing quadrant is pivoted on the back of the case 
and is moved by a small handle projecting above the 
case. 
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As the driving bar, connected with the engine, is'" 
moved upward carrying the latch with it, the shoulder 
on the side of the latch snaps under the square head 
of the latch block. As the motion reverses, the latch 
carries the latch block and armature bar upward. The 
lower armature being in contact with the stationary 
cores cannot rise with the bar, but the lower spring is 
compressed between the retaining washer and the 
armature while the bar rises and carries with it the upper 
armature which bears against the upper shoulders on 
the bar. As the driving bar continues its upward motion 
the bevelled upper end of the latch meets the lower end 
of the timing wedge, and as the wedge is stationary 
a further movement of the latch causes it to be pushed 
aside until its shoulder clears the latch block and 
releases it. As the lower armature spring is at this time 
exerting a pressure between the armature bar and the 
cores through the lower armature, the instant the latch 
is released the armature bar is pulled quickly downward 
carrying the upper armature with it. Just before the 
motion of the upper armature is stopped by hitting the 
cores, the lower shoulders on the armature bar come in 
contact with the lower armature and its momentum 
carries the lower armature away from the cores against 
the pressure of the upper spring which acts as a buffer. 

The electrical action which ensues by this operation 
is as follows. With the parts in position as shown, 
the magnetic hnes of force starting from one pole of the 
magnets flow through the adjacent pole piece to the 
core, downward through the portion of the core covered 
by the coil to the lower armature, across to the other 
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core, and up to the other pole piece and other pole of 
the magnets, thus completing the magnetic circuit. 
The magnetic lines cannot travel upward and through 
the upper armature because it is separated from the 
cores by air gaps and the lower path offers less resistance. 
The portion of the cores covered by the c'oils is therefore 
magnetized, the same as in the core of a jump-spark 
coil. When the armature bar released from the latch 
is at the end of its downward stroke, the armatures 
occupy the opposite positions with relation to the cores 
— that is, the upper one is in contact while the lower one 
is separated. The magnetic circuit through the lower 
part of the cores is thus broken while the top forms a 
bridge for the magnetic lines across the tops of the cores. 
The combined action of the two armatures causes a 
very sudden demagnetization of the cores covered by 
the coils, which thus induces a wave of current in the 
coils, as is done in an ordinary induction coil when its 
core is demagnetized by breaking the primary circuit. 
In this igniter the permanent magnets replace the battery 
and primary winding, while the armatures replace the 
vibrator and timer in interrupting the magnetic flow 
through the cores. The timing of the spark is accom- 
plished by releasing the armature bar earlier or later 
in the stroke. This is done by shifting the position of 
the timing quadrant which in turn varies the position 
of the wedge so that it releases the latch earlier or later. 
The timing quadrant is provided with several notches 
into one of which the top of the wedge fits, thus holding 
the quadrant in the desired position. At one end of the 
quadrant there is a notch considerably dee^^x \isaxv ^isa. 
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others. This notch is so deep that when the wedgci 
rests therein the latch is not tripped, and consequently I 
the armature bar is not released and no spark is produced. 
In this position the quadrant acts as a switch and by; 
mechanical means shuts off the current. 

The advantages of this new form of igniter over rotat- 
ing magnetos are numerous. It produces a hot spark at 
very high voltage for starting the engine, as the spark 
strength is entirely independent of the speed at which 
the engine is operated, and also because the voltage is 
strongest with the spark in its retarded or starting posi- 
tion. It is simple, strong, very compact, and dust-, 
oil-, and water-proof; moreover, it does away with all. 
outside appliances and accessories such as switches, 
batteries, coils, wires, etc., the only wire exposed in 
the whole system being the short secondary wire leading 
from the igniter to the motor spark plug. 

In using a jump-spark coil some method must be 
provided for interrupting or breaking the current in 
order to produce a spark in the induced current of the 
secondary winding. This is ordinarily accomplished 
by the use of what is known as a Vibrator. Fig, 8i 
represents a diagram of a jump-spark coil, and in this 
figure A is the core; B, the primary winding; C, the. 
vibrator; £>, the vibrator spring; £, the contact points; 
F, the adjusting screw; G, the condenser; H, the timer; 
and /, the secondary winding. As the core A is mag- 
netized by the current passing around it in the primary 
winding B, the iron will, of course, be alternately mag- 
netized and demagnetized as this current is made or 
interrupted. This intermittent magnetizing of the core 
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is brought about by means of a timer, a mechanism on 
the engine which alternately connects and separates the 
points between which the primary current flows. This 
alternating magnetization and demagnetization of the 
core is used to operate the piece C, at the end of the 
spring D, in such a way that when the spring in its 
normal position is touching E, the current from the 




Fig. 8i. — Diagram ot Jump-spark Coil 

magneto or- battery flows through the wire as shown by 
the arrows, thus magnetizing the core, but the instant 
the core becomes a magnet the piece C is drawn against 
its end, thus separating the spring D from the point E 
and breaking the primary circuit, causing the core to 
lose its magnetism and therefore allowing the piece C 
to spring back against E, again making the circuit, 
and thus operating over and over again as long as current 
is supplied to the primary winding, Kou-'v&iTaSimfjt'sia 
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are used on many engines, but in these coils only a single 
spark is produced each time the timer on the engine 
makes and breaks the primary circuit; and hence there 
is less likelihood of getting a powerful, hot spark than 
where the vibrating coil is used which produces a series 
of sparks at each contact of the timer points. The 
advantage of the non-vibrating coil Hes in the fact t 
the vibrator, contact points, and adjustments are c 
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Fig. 82, — Types of Vibrators 



away with, but as this type of coil docs not "buzz" 
it is far more ditEcult to locate the trouble than with a 
vibrating coil in case of failure to "spark" properly. 

An important part of the coil to consider is the vibrator 
itself, and upon the proper adjustment and construction 
of this depends in great measure the efficiency of the 
spark. Vibrators are made in various styles known as 
Hammer vibrators. Ribbon vibrators, Feather vibrators, 
etc. (Fig. 82), and the particular kind and make best 
suited to a particular motor can only be determined by 
experiment. As a rule slow-speed engines do best with 
a bammei vibrator, medium-speed motors with a ribbon 
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vibrator, and high-speed motors with feather vibrators. 
A good coil, when properly adjusted, should consume 
about }i to }4 ampere for each cylinder. By adjusting 
the points nearer together or farther apart by means of 
the adjusting screw F (Fig. 8i), the amount of current 
consumed may be increased or decreased and the spark 
made weaker or stronger. If the points are too close 
the current consumed will be greatly increased without 
increasing the operation of the engine and with injury 
to the coil. The aim should be to use just as little 
current as possible and obtain a good spark and proper 
ignition. The best way to accomplish this is to test 
the flow of current with an ammeter placed between the 
battery connection and the coil, and then^adjust the 
coil until it consumes the minimum current without 
missing explosions of the motor. If this method is not 
available it is a good plan to gradually loosen the adjust- 
ing screw with motor running until the engine commences 
to miss explosions. As soon as this occurs turn the screw 
down very slowly until the engine runs regularly, and 
leave it in this position. When the coil is once properly 
adjusted it should never be changed unless the motor 
misses, explosions or loses power and the trouble is 
located in the adjustment of the coil. 

The sparking points on a coil will frequently burn 
or wear down until they are pitted, are uneven, or stick 
together and fail to vibrate. This may be remedied 
by carefully smoothing them off with a fine flat file, 
but a better plan is to occasionally change the wires 
from the batteries so that the current flows in the opposite 
direction and thus depolarizes the conlacX. ^o\w\s>. ^ 
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your wires have been connected so that the carbon of the 
battery led to the coil and the zinc to the ground, shift 
them so that the zinc leads to the coil and carbon to the 
ground. An important part of all vibrator coils is theJ 
condenser {Fig. 8i,G). This consists of layers of tin-foil?l 
separated by mica or paraffined paper. The sheets of 1 
foil are connected together alternately and these con- 
nections are then brought across the vibrator of the coil 
through proper wires. The condenser is usually placed 
in the bottom of the coil box, out of sight, and as theJ 
wires and connections are all inside there is no extemaTfl 
evidence of the condenser and many users of coils are 
entirely ignorant of its existence. The function of thf 
condenser is to reduce the spark at the primary breal 
(at the vibrator points) which without it would be larger* 
than that produced at the secondary terminals of theij 
spark plug. This result is accompUshed by the capacity | 
of the condenser being just great enough to neutralize 
the self- inductance of the primary current by temporarily 
absorbing the impulse in the primary current at the 
moment it is broken by the vibrator. Almost instantly, 
however, there is a reverse action and the stored energy 
in the condenser flows back with extreme rapidity and t 
adds its quota to produce a larger secondary s( 
the Orswell and Perfex systems of ignition the coil i 
located in a casing attached to the spark plug, while tl 
vibrator and condenser are in a separate cas 
near the batteries. This obviates long secondary wire 
where short-circuiting is most likely to occur, 
produces a hotter and larger spark, owing to lack ( 
resistance that will occur ■w'heie \otv^ sfet<iudMy ^ 
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are used. Similar results are obtained by the use of 
cylindrical water-proof coils with vibrator attached to 
the cylinder of engine near the plug, as used on the Gray 
tnotors, or by a form of coil attached to the plug itself, 
jas used in the Solocoil and Caille Perfection systems. 
In either of these latter systems the coil does not differ 
materially from an ordinary vibrator coil, but the length 
i secondary wire is reduced to a minimum and as the 
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Fis. 8,i.^"Connpcticut" Plug Coil 



pitch is placed on the coil itself only two wires lead 

1 the battery to the engine. 
Another form of coil, manufactured by the Con- 
necticut Telephone & Electric Co., which has recently 
1 placed on the market, is designed to overcome all 
ille usual troubles of the jump-spark, system for marine 
rork. This coil consists of a water-, heat-, and oi!- 
jof casing attached directly to and covering the 
irk plug, thus entirely eliminating al\ seco'&dM'j mrixv!^ 
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and at the same time acting as a plug protector. Only 
two wires lead from the battery or magneto to the 
engine when this coil is used (Fig. 135) and no shock 
can be received when adjusting coil or plug. The case 
is covered with a tightly fitting metal cap that locks 
in place by bayonet locks, and the severest tests of this 
coil for injury by heat or water have failed to prevent 
its satisfactory action. The plug coil is illustrated in 
Fig. 83, and as will be seen the porcelains are readily 
removable and cost less than a common plug, while the 
position of the coil on the top of cylinder renders it 
very convenient for adjustment or examination. In fact 
this new coil has all the advantages and none of the dis- 
advantages of the Perfe.t or Orswell systems. It is as 
secure from short-circuiting as these devices, and in 
addition does away with the separate vibrators and con- 
densers with their attendant wiring. Several other 
manufacturers have recently placed similar coils on the 
market, but all operate on the same principle. 

In the earlier forms of jump-spark ignition much 
trouble was encountered through short-circuiting, espe- 
cially in the secondary current or spark plugs, and the 
use of the jump spark was largely confined to cabin boats 
and to stationarj' and vehicle use. With improved 
coils and magnetos, thoroughly insulated wire and timers, 
and highly developed spark plugs much of this difficulty 
has been overcome and little trouble is now encountered 
with short-circiiiting, even in open boats. Usually the 
greatest trouble is in the spark plugs, and these simple 
and cheap accessories are often given far less attention 
iban they deserve. There are a laTg,e number of maki 
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of plugs on the market — some good, others better, and 
some very poor — and it will always pay to have the 
best and to keep several on hand for emergencies. The 
ordinary types of plugs are shown in Fig. 84, which 
illustrates the forms known as the "Petticoat" and 
"Conical" types, as well as the porcelains removed 
Lto show internal construction. These answer very well 




Fig. 84. — Types of Standard Plugs and Porcelain 



^Bor stationary or vehicle use, but where used in an open 
^Boat or under severe conditions of any sort a specially 
Bconstructed plug should be used that will resist short- 
drcuiting to the highest degree. Probably the nearest 
to a trouble-proof plug yet produced is the Reliance. 
This plug in its various forms is illustrated in Fig. 85. 
The porcelains are also shown removed, and the sectional 
view shows the internal construction. These plugs are 
ided with a very small platinum ■^oisA entoti-ft.^ 



I 



H 



J 



144 



GASOLENE ENGINES 



in the porcelain and ground flush with it. Above thi 
and connecting it wili the terminal at the top of plu^ 
is a copper quill and spring which compensates for r 
difference in expansion and contraction between thej 
porcelain and metal and also prevents breakage of th( 
porcelain by tightening too much on the packing nutl 
The fine platinum point concentrates and iritensifiesS 




Fig- 85. 

the spark to such an extent that the heat and scouring 
action instantly destroys any short-circuiting material 
around it on the surface of the porcelain. So efficient 
is this action that a Reliance plug will actually spade 
when immersed in a glass of water. 

Notwithstanding tliis high efficiency they will at timra 
short-circuit when hot and suddenly drenched with 
spray or when thoroughly saturated with moisture after 
being exposed to rain or log. "By m^teVj V^v^'i o5 th^ 
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outside of the porcelain and rubbing with oil or grease 
the trouble is readily overcome, however, and the spark 
plug will continue to operate as before. Probably no 
plug :ran be made that will not occasionally short-circuit 
under evere marine conditions, and the Reliance is 
certainly very near perfection. 
Many other excellent plugs are 
to be had and the choice lies 
mainly with the user; one person 
having far better results with one 
kind than another. The Wright, 
Spit-fire, Never - miss, Sta - rite, 
Bootless, Red -head, and many 
others are all good plugs and 
give highly satisfactory results 
Several makes are so constructed 
that they may be readily taken 
apart for examination or clean- 
ing, and this is a most valuable 
feature where the plug is difficult 
to remove from the cylinder or 
is inaccessible. The Breech-block 
plug (Fig. 86) is constructed with 
the porcelain held in position by 

an interrupted screw which is turned by a lever and 
can be almost instantly opened and closed the same 
as the breech block of a modern cannon. The Rajah 
plugs illustrated in Fig. 87 are also readily taken apart 
and consist of but four pieces, all of which are inter- 
changeable and easily removed or replaced. When using 
a high-tension magneto for ignition separate plvi?,^ YcwisX. 

10 




Fig. 86. — Breech-block 
Plug 
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be used for the battery and magneto, and this require] 
two plugs in the cylinder. Magneto plugs are especial!] 
constructed to withstand the high, hot current of tl 
machine and are manufactured by almost all spark-plu] 

makers. To obviate the use's 

of two separate plugs com- 

__ bination plugs with two 

^^bk \ \ ^^ terminals— one for magneto 

^P^ I I >— if and one for the battery — are 

furnished. These are known 

as the Edison type, and on©'' 

of this kind as well as ft 

standard magneto plug are 

shown in Fig. 89. 

A distinct advance in plug 
construction is found in the 
"E-Z" plugs illustrated in 
Fig. 88. These plugs can 
be instantly removed to 
clean the points or to replace 
porcelains without the use of any tools whatever. The 
lower portion of the plug screws into the cylinder as usual, 
while the upper portion, consisting of the electrodes and 
porcelain, slips into the lower shell and is fastened' 
securely by a bayonet lock. Where plugs are frequently'. 
removed, or are difficult to get at with a wrench, this 
is a most excellent feature and cannot be too highly 
praised. The plug can also be used as a priming cap 
or relief cock, for the quarter turn required to open it 
is as easily made as turning on an ordinary cock. The 
yioJBts are held by asbestos and are guaranteed against 
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leakage; and a test by the writer failed to develop any 
leak under 350 lbs. air pressure. 

Timers are of many kinds and vary from very simple 
affairs to highly finished and complicated devices, but 




Fig. 88.— "E-Z" Plugs 



the function of all is merely to interrupt and complete 
the current of the primary circuit in unison with the 
compression stroke of the motor, so that the explosion 
will take place at the proper instant. 

The simplest form of timer consists of a spring and cam 
(Fig. 90). In this form of timer the ground wire is 
attached to the engine frame (F) and the other wire to 
the terminal A, on the spring B, which is irvaulitcd. Itcsta. 



(Ma. J 
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the engine by the fibre block C. The cam D is fastened'' 
to the valve-gear shaft or to a special shaft operated 
by the motor and so placed that it wiU bear against the 
spring B at the instant when the explosion should take 
place. The cam, touching the spring, forms a connection 
for the electrical current and hence a spark is produced 
at the plug within the cyhnder. As in order to secure the 




Fig. 89. — Magi 



PIUgE. 



greatest efficiency from a gasolene motor it is necessary.l 
to explode the gas just before the piston reaches the J 
uppermost limit of its stroke, some device must be I 
provided to time the spark to take place at different 
points in the engine's revolutions. If the spark was 
advanced enough to give the best results when operating, 
at high speed, it would ignite the charge too soon at 
low speed and when starting, thus causing pounding, 
or back&r'mg, with disastrous results to motor and oper- 
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ator. To accomplish this variation, a shifting device 
known as a spark advance is used. This cQpsists in 
having the spring, or other arrangement, to which the 
insulated terminal is attached, mounted on a pivot 



1. 





Fig.'-90. — Cam and Spring Timer 

which allows the timer to swing in a segment of a circle 
around the cam, By moving the timer backward or 
forward the sparjc is produced either before or after the 
upward limit of tlie piston on the compression stroke. 




Fig. 91. — Simple Timers 

The advance may be operated by a short handle or lever 
attached directly to it or may be operated from a dis- 
tance through the medium of rods and levers as in the 
case of automobiles and other vehicles. 
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Other forms of simple timers are illustrated in Fig. gig 
but in all of these the operation is so similar to the onffl 
described that a further explanation is not essential." 
These simple timers work very well for stationary 
engines and many of them are in use on automobiles 
and on marine engines. A peculiar but very satisfactory 
timer for marine engines is that used on the 




Fig, gz. — "Tuttle 



Motor 






motors and which is illustrated in Figs. 93 and 93. In 
this timer, A represents the eccentric on the engine shaft, 
which also operates the pump plunger P. The eccentric 
rod B is pivoted at the point C to the pump plunger, 
and the upper end is carried out and terminates in a 
holder D carrying a small electric brush, which is 
backed by a spiral spring shown ia the section at E, F 



—■ ' 
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Fig. 93. — " Tuttle " Timing Device 
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Near the top of the cylinder of the motor there is placed < 
a circular bronze disk, pivoted to the cylinder and ■ 

' provided with metallic inserts surrounded with insulating 
material ground flush with the surface G. The terminals 
from the wires are fastened to these insulated inserts and 
the ground wire attached as usual to the engine frame. 
In operation the eccentric rod bearing the brush which 
presses against the timer-disk by means of the spring F, 
revolves in a circle of the same circumference as the timer 

, disk. As the brush passes over the insulated inserts 
an electrical connection is made and a spark produced, 
but while passing over the rest of the surface no spark 
is produced as this portion of the disk is thoroughly 
insulated from the terminals. By moving the disk 
backward or forward by the lever H, the spark is 
advanced or retarded. 

The timers now generally used are enclosed in tight 1 
cylindrical cases and are operated by a timer shaft 
in the case of two-cycle motors (see Figs. 38 and 39, 5) 
or are attached to the valve cam-shaft in four-cycle 
motors. They are of two general styles — roller contact 
and spring contact — and those two tj-pes are shown in 
Fig. 94. Their operation is so simple and so similar to 
those already described that no explanation is required, 
however. 

Many more complicated forms of timers are in use, 
such as Monitors, Unisparkers, Distributors, etc., but 
these are generally used for special magnetos or dynamos 
or with certain kinds of engines or very highly developed 
and complicated motors for vehicle or racing use. Full 
explanations and directions ior ttie\T: use and operation 
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are always furnished by the makers, and the amateur 
should never attempt to regulate or repair one of these 
delicate instruments. A very successful system is 
known as the Delco, in which one unit embodies a timer, 
a means for advancing and retarding the spark, and a 




a-tension distributor. This entire combination is 
known as the "Distributor" and requires but one coil 
for any number of cylinders. The distributor is rigidly 
mounted on the engine and does not rotate as does the 
ordinary timer. The spark control is effected by moving 
-a lever on the side of the case, and \\ifi ^■tma'A.ei -^ 
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moving wires and makes possible better mechanical ) 
construction. The distributor is illustrated in Fig. 95. 

The distributor is used in connecUon with a coil, 
relayj and a switch, and these are furnished either I 




H sep. 

■ Th< 

^^ coil 



Fig. 95-—" Deico 



separately or combined within a common case or box. 
The relay is the apparatus for breaking the primary 
circuit and takes the place of vibrators on ordinary 
coils as it acts for each cylinder in turn as the com- 



lM»:iit iKfSKX^niVI, TSC, UtD QtRT 



IK 



mutator or tima' "™^— ■ oonnectiatL. Fiom the ordiM ii y 
A-ibrator it dSea, "■■"■'"'* ^ it uses bul crae ^mk 
for each caatatt ■■w*^*^ of semal. Hiis raOa^- is de 
only nKnisg part <d the oitiiE sTStim, mtd Is vcay caoly 
adjusted tw regnlated. Hm Ddcs i^Ixbi hss bees 
adf^ted vtth great success by many a 




rers, and is used on many of the leading automobiles. 
As a rule, however, the simpler and more accessible the 
timer and ignition system the better, for nine-tenths of 

E- troubles are due to faulty ignition and the simpler 
itire electrical system is made the more readily ffltl 
perator locate his troubles. Small, delicate, OT 
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intricate parts should be avoided, and in this respecti 
the jump-spark system far excels the make-and-break. 
In the latter system of ignition a simple primary coil 
is used and no vibrator or timer is required. This greatly 
simplifies the electrical apparatus, but the number of 
small parts, springs, etc., used in the igniter render it 
hable to many troubles absolutely unknown to the jump- 
spark ignition. 

Several forms of make-and-break igniters are shown in 
Fi^. 40, 96, 97, 98, and in each the operation is very 
similar. Within the cylinder a stationary electrode A 
is placed, to which one of the wires from the coil is 
fastened. On the outside of the cylinder there is attached, 
a sliding rod M, operated by the eccentric rod C. Above 
this sUde rod is a plunger H, which is held pressed 
downward by a stiff spiral spring /, bearing against a 
thimble /. Within a recess in the sUde rod is an angular 
dog F, held forward by the spring L, and wliich bears 
upon the lower end of the thimble / or plunger H, thus 
lifting it against the force of the spring / when the 
eccentric rod and slide move upward. Fastened to the 
cylinder is an adjusting screw G which bears against 
the dog F, and trips it from the end of the thimble 
/ or plunger H, thus allowing the latter to be forcibly 
driven downward by the action of the spring /. Between 
the top of the slide bar M and the thimble I a rocker 
arm C is placed, which is connected to a spindle D, 
bearing on its inner end within the cylinder a movable 
electrode B. When the shde moves upward, bearing 
the dog and plunger with it, the rocker arm is forced 
up to follow the spindle by the spring K, thus biinging 
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the movable electrode B into contact with the permanent 
electrode or spark plug A, and completing the electrical 
circuit. As the slide bar reaches its upward limit the 




^. 96. — Make-and-break Igniter (Operation) 

screw G trips the dog from the plunger, and the latter 
on its downward travel brings the thimbie against the 
Bcker arm C and thus snaps the movable electrode B 
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itermen, and other users of open boats; but its dis- 
antages in my mind more than offset its good points. 
: sparking points of the two electrodes frequently 
3me foul with dirt or soot and the low-tension spark 
ot sufficiently hot to bum this off as in the jump-spark 
?- 

^e continual banging or hammering together of the 
I electrodes soon wears away the points, necessitating 




Fig. 98. — Self-contained Igniter 



quent renewal and adjustment; the spindle of the 
ker arm often becomes gummed or stuck with oil 
rust, causing missfires or breaking of the spindle or 
ker; the set-screw holding the rocker to the spindle 
in. breaks or wears loose, allowing the rocker to work 



nn the spindle without operating the interior electrode; 
■ springs lose their strength or break; and the mica 
I insulation of the spark plug often breaks, or becomes so 
filled with oil and soot that it fails to act as an insula- 
tiott. In addition to all these defects the make-and- 
break system is very noisy and dirty and requires 
constant care and attention. Many make-and-break 




I 



Altered to Jump-spark 

motors that are practically worn out may be giveiJ 
new lease of life by converting them into jump-spH 
motors. This is usually very easy and inexpena^ 
If the igniter is of the external type iUustrated i 
40, 96, and 97, it is only necessary to remove the r 
and spindle and plug the hole; remove the pluj 
plunger spring, thimble, and rocker spring. FaJ 
piece of fibre — to which a terminal and spring is atJ 
—to the slide guide and replace the make-andT 
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Lig with a standard jump-spark plug. This trans- 
rmed igniter is shown complete in Fig. 99. The dog 

the slide bar coming into contact with the spring A 
ikes the electrical connection and causes a spark in 
e cylinder. By placing an adjusting screw through 
e fibre block JB, as shown in C, the spring may be 
essed up or down at will, thus retarding or advancing 
e spark. In the case of motors having a rotary pump, 

provided with a self-contained igniter, it is often 
sier to attach a regular timer to the pump shaft or to 
special shaft operated by gears on the engine crank 
aft. Of course in any case where the system is changed 
3m the make-and-break to the jump-spark it is 
jcessary to substitute a vibrator coil for the primary 
lil used in the old make-and-break arrangen;ient» 
11 



CHAPTER Vn 

Mufflers and Exhaust Devices — Governors — FnKL and Fuel 
Consumption — Oils and Creases — Installation— Piping 
AND Wiring — Gaskets and Packings— Adjustments— Gen- 
eral Care of Motors. 

A VERY important part of a gasolene motor is the 
exhaust. As the burnt gases leave the cylinder at a 
1 of from 6,000 to 12,000 ft. per minute with a 
pressure of from 25 to 35 lbs. per square inch, it will 
be seen that it is of the utmost importance that the 
exhaust opening is of ample size to allow the gases to 
escape without creating a back pressure in the cylinder. 
In four-cycle motors the exhaust valve should also be 
large enough, and with sufficient lift, to allow the gases 
to escape quickly and completely during the scavenging 
stroke. If the exhaust gases were allowed to escape 
freely into the air there would be little danger of back 
pressure in the cylinder, but the speed and pressure 
of the gas would cause loud explosive noises and con- 
siderable flame; to overcome the disagreeable noise 
various devices are used, known as "silencers" or 
"mufflers." Mufflers and silencing devices are of a 
great variety of designs and construction, but the 
object in all is to overcome the noise to the greatest 
possible extent without creating back pressure. If the 1 
exhaust can be quick.ly cooled after leaving the cylinder, f 
or if the gas can be allowed to fully expand beforel 
reaching the air, very little noise will result. 
1G2 
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Many motors intended for marine use have an auxil- 
iary exhaust chamber as an integral portion of the engine. 
In the Gray motors this chamber is merely an enlarge- 
ment of the exhaust opening, but being water-cooled 
it serves to allow the gases to expand in addition to cool- 
ing them, thus materially reducing their pressure 
(Fig. loo). In other engines the auxiliary exhaust 
is in the form of a separate chamber or box attached 




"Gray " Auxiliary Exhaust 



I the cyhnder by bolts and is either water-jacketed 
r arranged with a valve that allows a certain amount 
f the circulating water to pass directly into the exhaust 
Such an auxiliary exhaust chamber is illus- 
lated in Fig. loi. 

On marine engines, it is customary to lead all or a 
ortion of the circulation water into the exhaust pipe 
or muffler and thus cool the gas and reduce the pressure. 
In the case of vehicle or stationary engines this cannot 
be done to advantage, as the water used for cooling is 
generally confined to a delinite amount which passes 
through a radiator or cooling device and is used over and 
oyer again. In air-cooled motors there is of course 
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no method of passing water into the exhaust. If the I 
exhaust is merely led into a large cylinder or chamber I 
before reaching the air, the gases will expand and will I 
pass out with but little noise. For stationary use such I 




■Auxiliary Exhaust 



expansion-chambers, if of ample size, will usually prtn 
efficient as a silencing device, an old cask or barrel, i 
even an inverted box. often being all that is required ' 
with small motors. In the case of large motors a cement 
or brick chamber is often used, and this can easily bs 
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made large enough to permit full expansion of the gases 
and practically eliminate the sound of the explosions. 
In marine service there is often an under- water opening 
to the exhaust, but before leading the exhaust outboard 
an expansion chamber of ample size must be connected 
with the engine. With two-cycle motors there are many 
objections to the use of an under-water exhaust. The 
exhaust port being open during a considerable portion of 
the operation of the motor, combined with the fact that 
the explosive impulse and the inrushing fresh charge 
are the only methods of carrying ofif the burnt gases, 
often results in water or steam working back into the 
cylinder. 

In a four-cycle motor the exhaust valve is closed 
against any back pressure during the entire intake 
stroke, and the burnt gases are forced out by the pressure 
of the piston during the scavenging stroke. For these 
reasons there is little chance of water or steam getting 
into the firing chamber. Wherever an under-water 
exhaust of any kind is used, however, it shotdd be pro- 
vided with a relief cock at its highest point of piping, 
as well as a drain cock at its lowest point; and it is also 
good practice to provide a three-way cock or valve at 
some point of the pipe in order that the exhaust may 
be turned ofif from its under-water connections and 
deflected through an exhaust pipe leading to the air 
above the water line. The valve connecting the under- 
water exhaust should always be turned off when the 
engine is to be idle for any length of time, for no matter 
how carefully the exhaust is installed or how far above 
the water line the motor may be, there is always a chance 
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that the boat may fill through a leak in the piping oi 
that it may leak suSidently or be filled with rain to 
such an extent that the inside connections will be lower 




Reid" Underwater Exhaust 

than the water line, thus allowing the boat to fill anef 
sink. The relief valve should always be opened when 
starting the motor to avoid the possibility of steam or 
water working back into the cylinder, and this valve 
should always be kept open when the motor is not in u 




Fig. 103. 



The drain cock at the lowest point in the pipe will 
serve to drain off any water in the pipe in cold weather 
and also in starting, for ii a pocket ol "*ia,lCT collects ^. 
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thie pipe it will often draw back into the motor when 
first cranking it to start. 

Until a motor gets well under way it is often very 
diflScult to get good results with an under-water exhaust, 
and in such cases the three-way valve will prove very 
convenient, for by its use the exhaust can be deflected 







Fig. 104. — Underwater Exhaust Connections 

into the air xmtil well started, when it can* be turned into 
the under-water connections. 

Various methods of leading the under-water exhaust 
out from the bottom of the boat are in use, but the best 
method is to use an under-water exhaust head of some 
sort. A very good form known as the Reid is shown 
in Fig. 102. This is fastened to the side or bottom of the 
boat and connected with the exhaust pipe as illustrated 
in Fig. 103, a thin piece of rubber being placed between 
the planking and the head to make a water-tight joint. 
The arrangement of expansion chamber, exhaust pipe, 
three-way, relief, and drain cocks, and outboard head 
are shown in Figs. 104 and 105. In. place ol cokoJixi^ <5it 
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expanding the exhaust gases in order to reduce the noise 
a system may be used by which the rapidly moving 
volume of gas is broken up into innumerable small jets 
before reaching the air or by so retarding a portion of the 
gas that the exhaust reaches the air in a continuous 
or nearly uniform stream or jet. The fact that a steady 
stream of exhaust gas makes less noise and commotion 1 




Fig. 105.— Under wi 



than alternating jets renders the exhaust of a multiple- 
cyhnder motor far easier to silence than that from a 
single-cylinder engine. In order to break up the volume 
o£ exhaust gases various devices are used. In the older 
forms of mufflers the exhaust was led into a chamber 
or casing filled with stones, pebbles, or coke (Fig, 106) 
which served to break up the gas into many small jets 
befo'- ■*■ reached the air. Another form, shown in 
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Fig. 107, consists in a casing and a perforated pipe leading 
from the exhaust port of the engine. The gas, leaving 
this pipe through the numerous small holes, loses much 
of its pressure and speed and divides into many jets. 
As some of these are far nearer the opening to the air 




Fig. 106.— Muffler with Pebbles 

than others, the gases finally leave the silencer in a 
more or less continuous stream. If a second pipe of 
larger diameter is placed in the muffler, as illustrated 
in Fig. 108, still better results are obtained. Such 
mufflers are used considerably, but usually are rather 
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Fig. 107. — Muffler with Perforated Inlet 

inefficient and often create considerable back pressure. 
Other forms of silencers consist of hollow chambers 
provided with segments or plates perforated by small 
holes ^nd set alternately in the chamber. This style of 
muffler is shown in Fig. 109, and if properly designed and 
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of ample volume is quite effectual and creates littfol 
back pressure. 

The well-known Yankee mufflers are constructed withfl 
a combination of these two systems. Sectional views aiefl 
shown in Figs, no and iii. The gases entering at Ai 



-4 




Fig. io8. — Muffler with Perforated Pipes 

partly pass through the perforations at B and are partly! 
deflected by the partition C and the interior of the pipeZ?, 
and then expand in the chamber E. From this chamber 
they pass through the opening in the plate at F and 
hence through perforations in the outlet pipe at G and I 




Fig. 109 — Baffle-plate MufRer 

into the air through the tail piece H. In the Ejecta 
muffler a very different system is used. This is illustrate 
in Fig. 112. It consists of three expansion chambef^ 
^, B, C. which are separated by conical plates, D, E, i 
perforated at top and bottom and attau'^^d \5\. two se^ 
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The central tube G, leading through the muffler, is of 
varying diameter and a portion of the gases from the 
exhaust passes directly into the central chamber B 
and hence through the second set of cones D, E, F (2), 
before the gas which enters the first chamber A has 




Fig. no.—" Yankee" Auto Muffler 



passed through the first series of cones Z?, £, F (i). 
A small portion of the gas is also led straight through the 
central pipe G to the outlet at a very high velocity. 
This creates a partial vacuum in the third chamber C, 
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Fig. III. — "Yankee" Marine Muffler 

and the gas moves rapidly from the second chamber B 
to fill the partial vacuum in the chamber C. The for- 
ward movement of the gas through the first and second 
chambers ^4, 5, to the third C, causes a sudden expansion 
which removes the heat from the gases and reduces. t3aa 
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pressure in the muffler to below that of the atiiiosphere,|B 
thus aUowing the gases to escape with no appreciable! 
noise and no back pressure. These mufflers work^ 
excellently both in vehicle, 
stationary, and marine use; 
and in the latter case still 
better results are obtained by 
rurming a portion of the cir- 
culation water into the ex- 
haust before it enters the J 
muffler. 

In the Hydrex silencerJ 
which is intended for marine] 
use, and which is shown 1 
Fig. 1J3, deflecting plateS 
with small openings, an e]i> 
pansion chamber, and a water-' 
cooling system are combined. 
The gases from the motor 
enter the silencer at A and 
are deflected upward and J 
given a whirling motion by! 
the internal cone. Waterf 
from the jacket enters at BA 
through an annular opening^l 
which forms a circular shee 
of water, into the tube or ii 
verted cone V. The gas 
deflected upward by the out- 
side of this tube pass through this sheet of water 
are again deflected down through the inner tube 




■'■Ejector" Muffler 



r 



THEIR OPERATION, DSE, AND CAKE 



173 



by the lips C, into the chamber £, The hot gases 
striking the water instantly lose their heat and pressure 
and noise, so that the cooled gases then issue quietly 
from the chamber by the outlet G. Any excess of water 
is provided for by a drain cock B at bottom of silencer, 
which leads directly to the bot- 
tom of the boat. The Thermex 
silencer works in a similar man- 
ner and is illustrated in Fig. 114. 
Various other forms of excel- 
lent mufflers are m use, and new 
ones are constantly being de- 
signed and put on the market. 
Mufflers in which the gases are 
given a rotary or whirling motion 
are quite satisfactory; and si- 
lencers have been used in which 
the gases were led into a casing 
surrounding the fly-wheel which, 
being provided with fans or 

blades, acted as a blower. Whatever style of muffler, 
silencer, or expansion chamber is used, care should be 
taken to have the same of ample size to accommo- 
date the exhaust gases without back pressure. A vol- 
ume of 3^-^ times the square of the piston diameter 
times the stroke will usually be large enough, but even 
under the best conditions the perforations or other 
openings in a muffler will frequently become clogged 
with soot or rust and the silencing device and exhaust 
pipes should be frequently examined and cleaned, 
especially if an excess of oil is used. 




113.— "Hydrex" 
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Whenever a motor is used under conditions of varj 
load or work, some method must be used to prevei 
the engine from racing or speeding up when i 
free and at the same time allow it to operate at its 
maximum speed and power when working. Such devices 
are known as governors, and are used principally on 





stationary motors. Many large marine motors as well 
as numerous vehicle motors also use governors, and their 
use adds much to the life and efficiency of any motor of 
considerable size and power. There are various meth- 
ods of governing, the principal kinds being Hit-or-miss, 
Throttling, and Varying Ignition. In the hit-or-miss 
the action of the governor is to shut off the fuel supply, 
open or close the exhaust valve, shut off ignition, or dis- 
engage the valve mechanism. In the throttling method 
the fuel supp\y is reduced or the explosive gas throttled. 
In the varying-igoition system t\\e. ^pNftYpm.f.re accom- 
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plished by cutting off the current from the sparking 
device or by varying or timing the point of ignition. 
In Fig. 115 is illustrated a form of governor which 
operates by preventing the exhaust valve from opening. 
When the speed of the engine exceeds its normal limit, 
the balls A move outward, causing the cam B to be 
moved to the right by the action of the dogs C on the 




■Exhaust Valve Governor 



governor arms D, which are held in a grooved collar E 
on the sleeve F. The end of the cam B is thus prevented 
from acting on the roller G, until the motor falls to its 
normal speed, thus preventing the valve mechanism 
from operating the valve. Ordinarily the cam is held 
in position by the springs fastened to the governor balls, 
which hold the cam against the shoulder of the bearing I 
of the cam shaft /. 
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Another form of governor, shown in Fig. ii6, may b 
used in connection with any of the governing methods^ 
mentioned, but is particularly adapted to throttli 
methods. The two balls A, A are rotated through any 
convenient method of con- 
nection with the motor, and 
in the illustration are rep- 
resented connected by bevel 
gears B, B. As the speed of 
the motor increases the balls 
swing outward as indicated 
by the arrows, thus com- 
pressing the spring C, and 
pushing down the stem D, 
by means of the collar E; 
as the rod moves down, the 
valve F, at its lower end, 
moves past the holes G, H, 
which admit the charge of 
vapor, and thus gradually 
throttles the charge 
passes to the engine througl 
H. 

In Fig. 117 is shown j 
governor which operates on the hit-or-miss principal 
When the motor races or runs beyond the norr 
speed the action of the balls causes the blade A 
move away from the notched valve lifter B, tha 
throwing the valve out of action. A governor of the 
inertia type is illustrated in Fig. 118. In this form. 




—Throttling Gov 



if the engine attempts to run above normal speed. 
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the lower end of the double lever A will be depressed by 
the cam 5, and the valve lift C will be thrown out of 
engagement with the shoulder Z), thus preventing any 
action of the valve imtil the motor speed drops to normal. 
Various other forms of governors are in use and these 
may be attached to a bracket fastened to the engine 
frame or may be bolted to the fly-wheel or cam shaft. 
In the Twentieth Century motors a centrifugal governor 




Fig. 117. — Hit-or-miss Governor 

is fastened to the fly-wheel and through properly ad- 
justed springs and rods is connected with the carburetor 
throttle. Governors are usually properly adjusted to 
give the best results when the motors leave the makers; 
and unless they become loose, broken or worn, or very 
evidently out of adjustment they should not be meddled 
with. As most governors depend to a large extent upon 
spring action, any rust, corrosion, or dirt on the latter is 
liable to affect the operation of the governor, and care 
should' be taken that they are kept free from dirt and 
rust. They should also be frequently lubricated, but 
good machine oil and not cylinder oil should be used 

for this purpose. 
12 
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Various fuels are used in operating internal-combustioB« 
engines and practically any grade of gasolene, benzine^V 
or naphtha may be used to operate a gasolene motoi 
with slight variations in carburetor adjustments. Poor,J 
stale, or dirty gasolene will often give poor results, antB 
as a rule the lower grades are not so economical a 
better grades. Moreover, poor fuel resiUts in an exces 




Fig. ti8. — Inertia Governor 

of carbon and soot and should be avoided as far i 
possible. Many gasolene motors will run very well c 
denatured alcohol or kerosene if first started with gaso- ' 
lene. There is really but Uttle reason for using these as 
fuel, however, for gasolene gives so much better results 
and so much less soot and carbon that it more than 
makes up for the additional first cost. Sometimes, how- 
ever, the operator of a motoi vjiil &ivd himself short 
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of fuel where no gasolene can be purchased. At such 
times, if the motor is started and well heated on gasolene, 
kerosene or alcohol may be used. It is always a good plan 
to cany a small quantity of your regular gasolene for 
use in an emergency, and this should never be used until 
absolutely necessary. The fuel consumption of a gasolene 
motor depends a great deal upon the care with which 
the carburetor is adjusted in order to use the minimum 
amount of fuel to obtain the best results; the accurate 
timin g of valves and ignition, and the original design 
and construction of the motor. A two-cycle motor will 
use more fuel than a four-cycle, and a multiple-cylinder 
lOtor will use more than the same number of separate 
cylinders. Another item which enters quite largely 
into fuel consumption is the temperature of the cylinder. 
The best results are obtained when the temperature of 
the water in the jacket is kept at about i6o degrees 
Fahrenheit. With this temperature, high-grade fuel, 
and careful operation the average engine will consume 
about I 1/5 pints of gasolene, or about 15 ft. of natural 
gas, per horse-power per hour under full load. Engines 
that will bum gas satisfactorily wiU usually burn gaso- 
lene, and vice versa, but it is best to have the motor 
trranged to consume a certain kind and quahty of fuel, 
'any manufacturers provide devices for using kerosene 
gasolene motors; and if kerosene is to be used it is 
better to use such a device, or else purchase a regular 
engine, than to try to operate a motor intended for 
ilene or gas by crude oil or kerosene. 
Many operators of gasolene engines give very little 
to the oil and grease used as lubricants, Thia i& 
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in reality a very important matter and too much care" 
cannot be used in selecting the best oil for the motor and, 
when once found, adhering to one brand and not con- 
tinually changing. Some engines require a much heavier 
oil than others and a new motor will usually work better 
on a light oil than an old or worn engine. In hot weather, 
also, a heavier oil can be used than m cold weather, for 
even the best of gasolene-engine cylinder oils will thicken 
up in cold weather. Many motors in which the rings 
or cylinder are so badly worn as to lose compression 
will operate very successfully if fed a heavier grade 
of oil, and in two-cycle motors a good supply of heavy 
oil or grease on the bearings results in better base com- 
pression and more efficient service. Machine oil or 
steam-engine oils should never be used in a gas-engine 
cylinder. The terrific heat in these motors will ignite 
any but oils made especially for the purpose, and poor 
or low-grade oils will form excessive carbon deposits. 
Oil is cheaper than motors and the very best on the 
market is none too good for the poorest motor built. 
Machine oil is very good for exterior use and for that 
purpose is superior to cyhnder oil, but even where so 
used it should be of a high grade that will not gum or 
stick. 

Greases used in grease cups and transmissions should 
be selected with as much care as the oil, for a poor 
grease will gum and stick, while a grease containing 
any grit, dirt, or foreign matter will soon cut out and 
ruin bearings. Some greases on the market are more 
like soft soap than grease; they are stringy, sticky, 
elastic compounds and are UQ'a^ iot any use. A good 
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■grease should be smooth, clear-colored, clean and soft 
in any weather. The hardness or softness of a grease 
used should be determined by trial, and any reputable 
manufacturer of oils and greases will gladly furnish 
samples of the various grades. The grease used should 
be heavy enough so that it will not run and spread, and 
should be soft enough to feed easily and regularly through 
the grease cups. The oil used should always be strained 
before being placed in the lubricators, and if at any 
time the oil is found to contain any trace of grit or dirt 
it should be at once discarded and all oilers, oil-pipes, 
and bearings thoroughly cleaned with kerosene and 
gasolene before using new oil. The amount of oil to be 
fed to any motor, or to any part of a motor, depends 
largely upon the make, the age, the care, and the work 
of the engine as well as upon the grade of the oil. A new 
engine should be given a liberal supply of oil until well 
broken in, when the supply can be cut down somewhat. 
Too much oil will cause soot and carbon, but too little 
will result in wear and cutting, and of the two evils 
it is far better to use too much than too little. 

When stopping the motor the oil should always be 
turned off, as otherwise an excess may get into the 
cylinder. If a mechanical force-feed oiler is used it 
will take care of itself in this matter. An excess of oil 
is readily determined by smoke from the exhaust, and 
a smell of burning or hot oil. If the proper amount of 
oil and a correct mixture of fuel are being used, the 
exhaust will be almost colorless or of a faint bluish tint. 
If too much oil is used the blue will increase until a dense 
bluish or yellowish smoke issues from the esha.\is.t.. W. 
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the mixture of air and fuel is too rich— that is, contain*™ 
too much gasoleBe — the exhaust smoke will be either 
black or dense and white with a sharp, choking, pungent 
odor. 

Most engine-makers furnish directions as to the 
proper amount of oil to be fed the various parts, and 
these should always be observed. Few moving parts 
of a motor require less than six drops per minute and 
few need more than fifteen or twenty, but in winter 
the adjustment of the lubricators must be altered to 
suit weather conditions in order to supply the proper 
amount of oil. 

The installation of a gasolene motor seems a very- 
easy matter, but really many excellent engines fail to 
give proper service or satisfaction owing to careless or 
improper installation. In vehicle motors this fault is 
not common, as the makers of motor-propelled vehicles 
install the motors themselves and usually see that it is 
properly done. Stationary motors that are manu- 
factured mounted on trucks, frames, or skids are also 
usually free from faulty installation, but stationary 
motors set up by the purchaser and especially marine 
motors, are often so badly installed that it is surprising 
that they work at all. 

The first consideration in installing a motor is the bed. 
For stationary engines the character and material of the 
beds depend largely upon the space available, the 
material at hand, and the location. Brick, stone, 
cement, and timbers all make good beds, but perhaps 
the most satisfactory method is to make a good solid 
bed of concrete in whicli timbeis should be embedded 
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just far enough apart so that the bed-plate of the motor 
may be bolted to them. The thnbers should be of 
ample size, and, to hold them firmly in the cement or 
concrete, spikes or bolts should be driven into them at 
intervals before burying in the cement. The cement 
bed, as well as timbers, should be smooth and level, 
but a space under and around the motor may be made 
depressed to catch any water or oil, and drains may 
be led from this. If after finishing the bed the timbers 
are found out of level, they may be easily levelled up 
by thin shims, or bits of wood or metal, placed between 
them and the engine bed-plate. In placing the motor 
care should be taken to see that it is so placed as to afford 
the greatest facihty in reaching any and all parts of it 
and at the same time it should occupy as little space as 
possible. The engine may be bolted to the bed either 
by lag-screws through the holes in the bed-plate and well 
set into the timber, or by bolts put through the timbers 
before embedding. The bed-plate may then be set over 
these bolts and held in place by nuts. In either case 
washers should be placed between the head of lag-screw 
and engine bed-plate or underneath the nuts. The 
screws or nuts should be screwed in gradually, first at 
one corner, then at another; and one bolt or screw 
should never be fully tightened up before setting up 
g; another, as this will often bring an unequal strain and 
^Kuse a crack or break in the engine bed-plate. 
P'For large stationary motors the beds should be made 
of solid concrete or bricks set in concrete, and on top 
of this a flat heavy slab of flagstone or granite should 
be placed. The bed should be carried do^in. \ii\ia.-t^'^^ 
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or at least below the frost line, and if the motor i 
be placed above the ground floor of a building the bed 
should have sohd iron columns running down to the 
ground. If this is not possible it should be placed as near 
the side or corner of the building as possible, and the 
portion of the floor supporting the bed should be firmly 




and rigidly braced. Never bolt an engine directly to'' 
floor timbers or planks. In making a heavy concrete 
bed the sides should slope slightly and the bolts for 
holding down the engine should be well set in the 
concrete. A good method is to insert the bolts through 
iron pipe with a nut at the Vo-wtT end, and the whole 
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should then be embedded in the cement. Such a method 
is shown in section in Fig. iig. 

Mufflers and exhausts on stationary engines should be 
well covered or protected with asbestos, for they become 
very hot and are liable to cause bad burns or even 
'■set fire to some object that happens to come in contact 
with them. Exhaust pipes, where led through a wooden 
wall or partition, should be protected, and a metal collar 
should be used over the hole with a space of at least 
one inch between the pipe and the nearest wood. The 
outer end of the exhaust should be led away from all 
surrounding objects or walls and should never lead 
into a chimney, water or steam pipe, smokestack, or 
other confined space. If this is done unbumt charges of 
gas may enter and later explode by flame or heat with 
serious results. If a wooden bed is used it should be 
firmly mortised or bolted together and should be securely 
[-&stened to the flooring or ground. Many engines are 
jven far too light a bed, and when under full power 
iU jump and vibrate tremendously. A good bed 
lould be strong and steady enough to hold the motor 
[down immovably under its highest speed and greatest 
■d. 

When instaUing a marine engine the method is gov- 

led to a great extent by the boat, the timbers, and the 

accessibility of the location. Timbers for a boat engine's 

bed should be of well-seasoned hardwood of ample size 

and strength, and should be securely bolted to ribs 

HgiDd keel, but not to Uie planking. A very good plan is to 

^Bse two long timbers running lengthwise, or fore and aft, 

^K the boat and fastened to the n\)?>. Kaosa ^Oqssr. •Cos. 
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bed timbers should be bolted and these should also be 
securely fastened to the keel. In a flat-bottomed boat 
timbers may be set across the boat, bolted to keel and 
sides, and the engine-bed bolted lengthwise of these 
(Fig. 120}. This method takes the jar and vibration 
from the floor boards and planks. Great care should 




be taken in getting a marine engine level and in absoliU 

line with the shaft; a very slight deviation will caui 
enough friction on the shaft to stop the engine or hoi 
it down to only a fraction of its speed and power. 
have seen a ten-horse-power motor that could not be 
turned over more than one explosion owing to a bend in 
the shaft so shght as to be scarcely perceptible to the eye. 
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Where it is difficult or impossible to get a perfect 
alignment, or where there is a constant vibration or 
motion, the shaft should be connected through a uni- 
versal joint. Flexible unions, elbows, joints, and 
stuffing boxes may also be used if desired. In vehicle 
construction with a shaft drive universal joints cannot 
well be avoided, and in many high-powered and racing 
boats they are also used to great extent; but it is better 
to avoid flexible connections as far as possible, as they 
are expensive, cumbersome, and must be given con- 
siderable care if they are to prove efficient. 

The exhaust piping in a boat can be so readily^cooled 
by admitting a part of the circulating water that there 
is no excuse for its ever burning or scorching anything, 
but nevertheless it is a good plan to have it well pro- 
tected and led in such a way that it will not be in the 
way of people passing to and fro. A marine motor, 
more than any other, should be handy and accessible 
and ample room should be left on all sides to allow it 
to be adjusted, taJten apart, or cleaned readily, and the 
drain cock in base should be within easy reach. It is 
usually most convenient to have the exhaust on the port 
and the intake on the starboard side where the operator 
sits behind the motor, but the arrangement of such 
matters must be guided by the conditions in each par- 
ticular case. In instalHng any engine the exhaust 
silencer should be as near the motor as possible, and the 
exhaust pipe should be as short and with as few bends 
and turns as can be arranged. Where right angles must 
be made in an exhaust pipe two forty-five- degree elbows 
Lould be used instead of one common elbow, and tees 



^ou 



GASOLENE ENGLNES 



should be avoided as much as possible; they always have 
pockets which are a nuisance. Connections as far as 
possible should be made with flanges or flanged unions, 
as ordinary screw unions and right-and-left couplings 
soon become so foul and corroded as to be impossible 
to disconnect. The exhaust in a boat should always be 
so arranged as to slant downward from the motor t 




the outlet, for even if far above the water line a TcaU^ 
may now and then wash into the exhaust. 

If a long exhaust pipe is unavoidable it should be " 
gradually increased in size, and it is a good practice 
to always use a larger-sized pipe at every turn of the 
exhaust pipe beyond the first. For connecting up an 
exhaust pipe lead and oil should never be used, as it 
soon burns out and either leaves a leaky joint or cemenj 
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the Joints together into a solid mass. Cylinder oil and 
graphite make an excellent joint, and even linseed oil 
and graphite is very good. Where a solid and permanent 
job is desired the joints may be made with red lead and 
molasses, or with litharge and glycerine, or with a cement 
composed of sulphur, iron filings, and sal-ammoniac 
mixed into a thin paste with water. Well-fitting threads 
may also be well cemented together by the use of sal- 
ammoniac and water alone. Where the boat is intended 




for salt-water use the exhaust pipe should beof galvanized 
iron, and this is far better than black iron even where 
Hsed aroimd fresh water or for stationary motors, A 
mple of a well-installed marine exhaust is shown 
[21. This illustrates an under-water exhaust, 
Irhile Fig. 122 shows methods of exhaust piping when 
»ove the water line. In Fig. 1 23 is shown the method 
! properly piping a stationary exhaust where it was 
Tied a long distance and several turns had to be made. 
The water-circulation pipe connections should be 
tede with care, for a small air leak in the intake will 
a cause failure of the pump, and a leak in the outlet 



190 



GASOLENE ENGINES 



is very messy and disagreeable in a boat and wasteful 
of water in stationary or vehicle use. Brass pipe is 1 
advisable in marine work, although for fresh-water use 
galvanized pipe answers very well. Connections oq j 
water pipe may be made with white or red lead and oil, 
and common unions may be used, although for many 
reasons flange unions are better. Turns in water pipe 
are not as objectionable as in the exhaust, but are to be 
avoided as far as possible, and the piping should always 
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be provided with drain cocks at the lowest points in order 
to draw off the water in cold weather. Hose connec- 
tions are bad and should never be used where they can 
be avoided. They are uncertain at the best and soon rot. 
Moreover, they become soft and are hable to collapse 
with suction and shut off the water supply, while pieces 
of the fabric or rubber are always likely to work loose 
and get into the pipe, valves, or pump and cause trouble. 
At the intake of a boat's watei: s^sXem \.\\e,te ?feould be a 
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Strainer, and a cock should also be provided for shutting 
loff the intake when not using the boat. Many a boat 
, has filled and sunk through a loose or broken connection 
and lack of a valve to shut off the water. In connec- 
tion with the water system, where a small part of the 
water is turned into the exhaust, a three-way valve will 
[be found most useful. A valve of this sort, made by 




Fig. 124. — " Detroit " Three-way Valve 

the Detroit Lubricator Co., is illustrated in Fig. 134. 
By the use of such a valve any amount of water desired 
may be admitted to the exhaust or it may be turned off 
completely and all the water led overboard direct. 
In making up the gasolene pipe more care should be 
pjised than in any other part cA iVe Nat\Q\i^ y^s^ ■iss&. 



192 



GASOLENE ENGINES 



connections. A small leak in this pipe may result in 
fire and destruction or even in loss of life, for even a 
drop or two of gasolene now and then will produce 
enough gas in a boat or small building to blow it to atoms. 
In open boats the greatest danger lurks in the bilge or 
around the tank, but in cabin boats, or in cellars or 
buildings, the entire place may be filled with gas that 
will explode the moment a flame is brought into contact 
with it. Even in motor vehicles a leak in a pipe or tank 
may allow gas to form which will ignite by a short-cir- 
cuited wire or a carelessly dropped cigar or cigarette, and 
nearly every case of gasolene fires or explosions about 
motors can be traced to a leaky connection or pipe. 

All joints in the gasolene pipe should be made with 
shellac or with common laundry soap, as any material 
containing oils is useless. Where brass pipe is used the 
connections should be carefully threaded and screwed 
up tight. A good, clean, new thread will hold gasolene 
without anything else. Where a flexible tube is used it 
should be of soft copper and aU the unions or connections 
should be soldered or brazed in place. Where a gasolene 
pipe is subject to any vibration or jar a loop or turn 
should be provided to absorb vibration (Fig. 125, G), 
and the pipe should frequently be looked over for breaks 
or cracks. A cock should always be placed at the tank 
so that the supply may be readily shut oif (Fig. 125, E) 
and a strainer should be provided to catch any water or 
dirt in the gasolene (Fig. 125, H). Lead or block-tin 
pipe is to be avoided. It is easily bent or crushed, is 
apt to be punctured, it corrodes and forms scales and 
jsediment in the gasolene, and m case q\, ^t\^. ti^ivcklY 
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melts, thus allowing more gasolene to run out and feed 
the flames. 

Careful attention should also be given to the gasolene 
tank. It should be of copper or galvanized iron of ample 
capacity and the feed pipe should be connected a short 
distance above the lowest portion. This will prevent 
any dirt or water in the bottom of the tank from work- 
ing into the feed pipe. At the lowest point in the tank 




Fig, 125. — Gasolene-Pipe Installation 

there should be a drain cock from which the collection 
of sediment and dirt may be drawn from time to time 
(Fig. 125, D). This drain in a boat should lead over- 
board and thus avoid danger of the gasolene getting 
into the bilge-water. A cock should also be placed in 
the feed pipe close to the tank so that the supply may 
be entirely shut off at any time (Fig. 125, £). The filler 
hole in the tank should be covered with a screw top 
(Fig; 125, B) and a small air vent made in the side of 
this cap (Fig. 125, C). This will allow the fuel to flow 

freely and also prevent dust or water from entering the 
13 
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tank. The tank on stationary engines should have the 
bottom at least six inches above the highest point of. 
carburetor, and on marine or vehicle motors it should 
be high enough so that any motion of the boat in a 
sea-way, or of the car when hill-chmbing, wiU not bring 
the carburetor above the lowest point of the tank. 




Fig. 126. — Wiring Single-cylinder Jump-spark with Batteries 

Every tank should also be provided with splash plates 
inside to prevent the liquid from swashing about and 
causing irregular feed. 

To many motor-owners and users the question 1 
electrical wiring is a very serious matter. Jn many 
cases one must be a good electrician as well as mechanic 
to wire up a motor, but in the majority of cases the 
wiring is comparatively simple and easy. A description 
of wiring is of Uttlc use, for it is far easier to follow a 
diagram or design a new one suited to particular require- 
ments by the aid of others. The makers of most motors 
furnish full wiring directions and diagrams with their 
but as motors irequcBtVy ie<j^\i:e new wiring. 
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new systems are installed, or old motors without direc- 
tions may be purchased, diagrams for wiring the various 
t3^es of motors, as well as several systems of both 
battery and combined battery and magneto, are illus- 
trated in Figs. 126 to 136. 
In wiring for a motor, whether for marine, stationary. 
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Fig. 127. — ^Wiring Single-cylinder Jump-spark with Batteries and 

Magneto 



or vehicle use, the best materials only should be used. 
About 80 per cent of motor troubles are due to ignition, 
and a large proportion of these are due to poor or faulty 
wiring. Too much care cannot be taken to see that all 
materials are perfect, all joints well made, and that the 
wiring as a whole is as well done and as free from the 
chance of injury, breakage, or short-circuiting as pos- 
sible. For primary wires in the jump-spark system, 
or for the wiring on a make-and-break en^e^ fairlv 
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light wire may be used, but this should be of good quality, 
well insulated, and of the multiple-strand kind. Single- 
strand wire is very good, but in connection with a motor 
the constant vibration is liable to break, or partly break, 
the wire and as this is not visible through the insulation 
the trouble is often very difficult to locate, especially 




Fig, laS.— Wiring Two-cylinder Jump-spark with Batteries only 

as the two ends may rub together, causing intermittent ' 
or weak connections. Where staples are used to fasten 
wires to seats, rails, or any woodwork, they should 
be fibre- or leather-covered, or when these cannot be 
secured, a bit of rubber, leather, or even cloth may be i 
placed between the wire and the staple. Two wires j 
should never be confined under the same staple, for if j 
the insulation becomes worn or broken, short-circuitingj 
Is almost sure to result. Have as few joints in a wire a 
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Fig. 139. — Wiring Make-and~break with Batteries 




Fig. 130. — Wiring Make-and- break with Batteries and Magneto 
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, and when making a joint have the strands 
bright and clean and after being twisted ftrmly together^ 
they should be soldered. Soldering is not absolutely^ 
necessary, but it is safer, and with the modem soldering 
compounds, which can be used with a match or small 
torch or lamp, it is very easy to solder al! joints. Whether 
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the joint is soldered or not, it should be well wrappt 
with several layers of adhesive rubber tape. 

Secondary wire should be of the highest grade and J 
where there is dampness or grease it should be led through 
a metallic or fibre tube or casing. Grease, water, and 
oil will in time destroy insulation and allow short- 
circuiting, and therefore all wires should be as thoroughly 
protected as possible. In marine work it is a good plan 
to run the secondary wires through rubber tubing and 
in all cases the wiring should be kept as short as possible. 
, Avoid confusion of wires at^d kee^ each group separate 
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Fig. 133,— Wiring " Perfex " System 
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as far as possible. If wires are led under or through J 
spaces where they cannot be readily seen and followed, J 




Fig. 134- — Wiring "Perfection" Plug-transformer 



it is a very good plan to use various-colored wires, aa I 
in that way the wires from one place to another may be I 
easily traced. If several different-colored wires are not 1 




available, colored strings or bits of cloth may be fastened! 
^ Iiere and there to each wire and ttu?. ■>N\\i ■aerve to identi: 
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them. Never lead a secondary and a primary wire 
through the same tube, staple, or insiUator, but keep 
them as far apart as possible, and never attach either 
primary or secondary wires to any metal except at the 
terminals. If metal must be used, be careful to have the 
wires doubly or trebly insulated by winding with tape 
where they touch the metal. 
The terminal connections of both primary and 




secondary wires where they connect with batteries, 
coil, timer, and plug are often sources of trouble and 
should be carefully made and frequently examined. 
Various styles of battery connectors and terminals are 
for sale and most of these are excellent. The "Bull 
Dog" battery connectors, as well as the various spring 
clip connectors, work very ■wd\; Wx, \\«efe -mi&R. 'o.'snv 
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ii piece of sheet metaJ and soldered to the wires often 
break partly off without any external sign of the fracture 
and in this way cause an interrupted or weak current 
that is exceedingly difficult to locate. Primary and 
secondary terminals for the main wires come in a variety | 
of forms and designs. A common form is shown ia J 
Fig. 137, which represents the "Reliance" terminal. 
These may be used by sUpping over the nut or thumb | 
screw on the top of spark plug or may be fastened by I 




F'B' '37- — " Reliance " Terniinala 

screwing the nut down over them. Another splendid 
style of terminal is the "Ball and Socket" form illus- 
trated in Fig. 138. These terminals are designed to be 
fastened to the wire without solder or special apphances. 
It is only necessary to cut the wire off square, shove 
it into the socket, and screw the wood screw in tight. 
The sides of the terminal are made of spring metal 
with a recess to fit over the ball adapter or hexagon 
ball nut furnished as a part of the equipment. The use 
o5 the baJl-and- socket joint allows free play of the wires 
in any direction and insures a peilec\. connectio^. 
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Terminals which will answer every purpose may be 
readily made by bending the end of the wire into a loop, 
twisting it together and soldering it firmly in place. 

In repairing, adjusting, or overhauling motors various 

gaskets or packings will be encountered, and as these 

are usually broken or injured in getting the joints apart, 

V it is essential that the operator should know how to make 

■ ones and be famiUar with the materials to use. 

I Gaskets are rings or sheets of material cut into the form 




Fig. 138. — " Connecticut " TerminaU 

f the parts and placed between two surfaces, such as 

jithe two sides of a cylinder head, between the two sides 

' a union, etc. They are made of paper, asbestos, 

^bre, metal, rubber, leather, etc. The best material 

■for cylinder-head gaskets and any other places where 

3 considerable pressure, as well as water or gaso- 

ine, or both, is the material knovm as " 'i«rai-\«.'a^siR." ", 
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this packing consists of a fine sheet of copper-wirC' g 
embedded in a sheet of asbestos and covered with 
grapliite or black lead. In many places exceedingly 
fhin gaskets must be used, and in such spots tough i 
manila paper well soaked in oil or grease and rubbed I 
with graphite is the best material. Metal gaskets are. I 
used between flanges in flange unions, on exhaust c 
nections, etc., and usually come ready-made in various J 



Asbestos of itself is a very poor material to use about! 
gasolene engines, as it is frail, is readily soaked by I 
water or gasolene, and is hard to cut or handle without 1 
tearing or breaking. In making a gasket the best 
method is to clean the part to be fitted and then lay a i 
sheet of the paper or other material over it. With a j 
smooth-faced wooden maUet or piece of rounded hard- 
wood, tap all over the surface until the edges of the joints, 
as well as the various bolt or screw holes, are well im- 
printed on the material. Then, with a circular punch, 
cut the holes where indicated and after this is done 
cut out the edges of the joints. A gasket must i 
have rough edges that will bind or catch in the joints, 
and the holes for the bolts or screws must be smooth J 
and ample in size. Rub the gasket with oil or oil and I 
graphite before placing on the joint and then lay upon. I 
the surface of the joint carefully. Be sure there are no 1 
wrinkles, bits of dirt, or inequalities in the gasket and I 
make sure that it fits perfectly before placing the other I 
part of the joint on it. When all is ready, place the two. J 
pieces together and screw home the bolts a little at i 
fcttmCj working gradually, &rst ot\ ot\e side and then OD^ 
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another, but never tightening up all at once on any 
one bolt. 

Packings for pump plungers, revolving shafts, stuffing 
boxes, etc., are usually made of cotton wicking or hemp 
packing. In making such a packing be sure and clean 
out all the old material, use packing of the proper size, 
oil thoroughly before putting in place, and do not pack 
too tight imtil it has formed a good bearing or seat 
for the shaft or other object. Never use white or red 
lead on a gasket or packing of a gas engine unless you 
are looking for trouble. Oil and graphite is' the best 
material, and unless the packing or the ground joints 
are very badly made or have been abused, nothing is 
needed in addition. 

In adjusting a new motor, or one which has been 
recently overhauled, you should proceed slowly, doing 
one thing at a time, and remembering exactly how each 
adjustment was beforehand and exactly how you have 
altered it. A valve may be ruined by turning it a trifle 
too tight, or a screw thread stripped or a bolt head 
twisted off by a slight pressure beyond the normal. 
In taking down or overhauling a motor each part should 
be marked and a similar mark placed on the part of the 
motor where it belonged. This may be done by light 
marks with a centre punch or by scratches on the paint, 
enamel, or metal. In taking apart a four-cycle motor 
this is most important in the case of the timer and 
valve gears. The alteration in position of a single 
tooth on a gear will throw the entire valve out of 
position. In taking apart such gears always mark the 
teeth, where they mesh, with a priek p\m.c\v ot c^\;to^ 
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punch so there may be no difficulty in placing them 
together correctly. 

Setting the valves properly in a four-cycle motor is an 
important matter. The exhaust valve should open 
at about five-sixths of the completion of the power 
stroke and should close at the end of the idle or scaven- 
ging stroke. At the commencement of the next outward. 
or suction, stroke the inlet valve should begin to open, 
and both valves should be firmly closed at the moment 
the piston commences to travel back on the compression 
stroke. Different motors vary somewhat as to the exact 
time when valves open and close, but the above is about 
the average and the finer adjustments can be readily 
made by set-screws or other devices provided until the 
best results are obtained. 

A gasolene motor should be cared for as carefully 
as any other piece of fine machinery, and because it uses 
oil and grease and becomes dirty in use it is no reason 
why it should be neglected and not cleaned and groomed 
frequently. A rusty, dirty, or neglected engine is a 
disgrace to the operator and shows lack of common 
sense or care. Oil cups and oilers, as well as grease cups 
should be kept well filled and all excess oil or grease 
carefully wiped off. If grease and oil accumulates or 
sticks on, it should be removed by kerosene and gasolene. 
All unpainted parts should be kept clean and free from 
rust and well oiled, and all nickel or brass work should 
be kept brightly polished. If you cannot spare the time 
to polish and clean your brass it is better to paint it at 
once and avoid horrid green verdigris. A vehicle motor 
■ requires as much care as any otker, and because it is 
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out of sight it is all too frequently out of mind as well. 
Many a splendid motor-car, that is resplendent in 
polished brass, rich upholstery, and shining paint and 
varnish, carries beneath its hood a motor so greasy, dusty, 
dirty, and neglected that it would be a disgrace to the 
most slovenly fisherman's dinghy. 
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■OLs: Emergency Repairs and Makeshifts; Useftii. Hints 
AND Wrinkles; Grinding Valves and Grinding Co«- 
pouNDs; CABBON-EEMovEks AND Cleansers; Polishes; 
Enamels, Paints, etc.; Belts and Belt Dressings; Anti- 
FBEEzrNG Mixtures; Table of Motob Troubles ■ 
Causes and Remedies. 
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Few motor-owners realize the importance of being 
provided with proper tools, and this is especially true 
where marine or stationary motors are concerned. Every 
motor should have a tool box or chest or a tool-roll 
within easy reach, and the tools should always be kept 
3od condition and ready for use. Many a motor- 
operator may be found whose only tools are an old 
rusty bicycle wrench, a dull or bent screw-driver, and 
an old claw hammer. Tools are cheap and comparatively 
few are required. A superabundance of tools is a 
nuisance, and the aim of the operator should be to have 
a tool for every emergency and for each particular use. 
but not to duplicate them. The following tools are 
really essential in connection with any motor: 

'A "Stilson" or pipe wrench capable of handling any 
pipe on the motor; if this cannot be procured, owing t(^ 
the variation in size of pipes, two or more Stilson 
wrenches should be on hand. 

A monkey or "Coe" wrench large enough to handle 
the heaviest nuts and unions on the engine or exhaust, 

A small "Coe" wrench capable of handling the small- 
est nuts; a good bicycle ■wTe'[\c\vvi\V\Mi?,^ci: for this, or a 
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set of spanner wrenches to fit the various nuts may be 
used. 

A medium-sized — six- or eight-inch — " Westcotf 
wrench or a set of "S'' wrenches. 

A pair of combined cutting pliers and tweezers. 

A pair of roimd-nosed pliers. 

Small, medium, and large-sized screw-drivers, or a 
set of screw-driver blades with an adjustable handle. 

A small or medium-sized machinist's hammer with 
round pein. 

A half-inch cold chisel. 

A centre, or prick, pxmch. 

A hollow punch. 

A flat or "bastard" file, a round file, and a three* 
cornered file. 

An assortment of copper and iron wire of various 
sizes. 

Assorted machine screws. Assorted cap screws and 
nuts. Assorted plain and lock washers. Assorted cotter 
pins. 

In case there are any nuts or bolts which cannot be 
readily reached with an ordinary wrench, socket wrenches 
should be provided, for such nuts or bolts are invariably 
the ones that need attention oftenest. 

In addition to the above tools there are many others 
which will prove very useful at times, especially if you 
expect to make your own repairs. A breast drill with a 
good assortment of drills is a useful and handy tool, 
and a bit-stock with various-sized twist drills is also 
very useful. By drilling a small hole with the breast 
drill, a large twist drill will readily bore through iron 
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or brass with an ordinary bit-stock, the larger driU 
following the small hole very easily. 

In connection with the drills, reamers and counter- 
sinks should be on hand, and if much metal-boring is to 
be done a self-feeding chain attachment for the bit-brace 
should be added. By means of this handy tool large 
holes can be rapidly and easily bored through iron or 
steel without any great trouble or strength being re- 
quired. Hack saws are very useful and in fact almost 
indispensable, and screw slotters to fit the hack-saw 
frame will save much time and trouble in using old 
screws. An exceedingly useful tool is the Vixen milling 
tool. This is a hardened steel blade with sharp, curved 
teeth and is used like a file. It will cut ten times as 
rapidly and easily as a file and will never dog, even 
when used on lead, copper, or aluminum. New blades 
may be purchased at a small cost and the old ones recut 
or sharpened at trifling expense, but under the severest 
use a blade will usually last two years or more. 

Machine taps and dies are very useful and save many 
times their cost in a season, as well as the trouble of 
running to a maclmie shop for every screw thread you 
want cut. Pipe taps and dies are also handy, but most 
pipe fittings are so cheap and so readily procured that 
they hardly pay unless one does considerable pipe-fitting 
or is a long distance from a dealer in pipes and fittings. 
Calipers are useful, and an assortment of cold chisels, 
cape chisels, and punches will prove of great value. 

Every motor-owner should leam the proper use and 
care of tools, for a rusty, dull, or broken tool is worse 
than none at all, and there is no excuse for keeping tools 
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in poor condition. Around salt water tools rust very 
quickly, but if greased every few days the corrosion 
will not cause any trouble. You should not expect to 
work metal as easily as wood, even with the best tools, 
and many a good tool is injured or broken by trying 
to force it. Slow and sure is the way to work metal, 
and trying to drill too rapidly is sure to result in broken 
drills, while using too much force on a nut or bolt will 
result in stripped threads or broken bolt heads. A 
very light blow with a hammer will often start a nut 
or joint, but wherever the surface struck joins another 
surface a piece of hardwood or a strip of copper or lead 
should be placed over it before striking. Great care 
should be used in striking cast iron, or a crack or break 
will result; high-grade cast iron will chip or crack 
almost like glass and a hammer should never be used 
without wood or soft metal under it when striking cast 
iron. Sometimes an obstinate nut or bolt may be 
readily started with a cold chisel and hammer, but you 
should not use enough force to shear oflF a comer of the 
nut. Hold the chisel at an angle against one side of the 
nut and strike gently. After it is started the burr made 
by the chisel should be smoothed off with a file. Tur- 
pentine is very useful in drilling, sawing, or filing metal, 
and many tight pipe joints or screw threads will come 
apart easily after soaking a few hours in turpentine. 
Kerosene is good also, and in case a pipe joint or thread 
is badly stuck it may be soaked in kerosene and then 
ignited. The burning kerosene will usually expand the 
joint enough to break the corrosion and then by soaking 
in turpentine the joint will be easy to separate. 
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Sometimes, even with the greatest care, a cap-screi 
or stud will break off in the hole. To remove the broker 
piece is often very difficult and sometimes it is absolutely^ 
necessary to rebore and thread the hole. Many times, 
however, the stub may be unscrewed by boring a hole 
in it and tapping with a left-handed thread of smaller 
size. By screwing a left-handed screw into this and 
setting up tight the tendency will be to unscrew the 
right-hand thread on the broken stub. Many times a 
bolt or screw thread becomes badly worn or rusted andJ 
the bolt or nut will not hold. Usually it is always bea 
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Fig- 139. — Tightening Old Bolt 

to retap the hole and use a new bolt, but in many cases 
such methods are impossible. At such times the thread 
may be made to hold hke new by slitting the end of the 
bolt or screw and spreading the sides slightly, or in the 
case of large bolts by driving in a small wedge (Fig. 139}. 
If the nut is worn and the bolt is all right, the former 
may be made tight by heating to red heat and thea. 
sprinkling cold water around the outer side. This 
shrink the nut considerably and result in a snug 
The application of heat for expanding metal is ofter^ 
very useful, and many joints can be taken apart or put 
together when hot that cannot be started when cold. 
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Loose sprockets, cams, wheels, etc., can all be made very 
tight by expanding the pieces with heat and while still 
hot putting them together and allowing them to shrink 
to a close fit. Sometimes a nut which is not held by a 
lock washer or cotter pin may become loose and give 
considerable trouble. This may be easily overcome 
by sawing a little less than half-way through the nut 
and then springing the two parts close together. A nut 
treated in this way will hold like a lock nut and will 




Fig. 140. — Slit Locknut 

never loosen (Fig. 140). Care should be taken, however, 
not to cut the slit too deep or too wide, or the threads 
will be stripped in screwing it on. 

Very often one requires a pipe-fitting of a smaller or 
larger size and has no reducer or bushing at hand. At 
such times the man provided with pipe taps and dies 
may make excellent reducers by using short pieces of 
standard brass pipe. In brass pipe each size will thread 
inside for the next smaller size: thus ^-inch pipe may 
be threaded for 1/8; 3/8 for 1/4; 1/2 for 3/8; 3/4 for 
1/2; i-inch for 3/4, etc. Iron pipe will not thread so 
accurately, but in many cases a thread can be cut in 
iron pipe that will answer for an emergency. Pipe- 
couplings may also be used as reducers by threading the 
outside for the next larger sized fitting, but they are 
harder to handle and do not make as good reducers as 
the pieces of brass pipe. 
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In threading brass rods it wiU often be found that the^ 
same sized die as the nut used wiU not allow the nut to 
be screwed on. In such cases the rod should be slightly 
filed down or rubbed with emery before threading. 
Brass has a tendency to bind when it fits tightly, and 
threads on brass can always be made with more play 
than on iron. In using 1/4-inch machine thread nuts it is 
often advisable to use a No. 14 thread with the same 
pitch in threading bars for the nut. 

If you should require a pipe wrench and have e 



Fig- 14' ■■ 




key-wrench as Pipe Wrench 



hand you can often handle a pipe successfully by pla< 
a three-cornered fife in a monkey wrench and using^ 
this on the pipe (see Fig. 141). Old files that are clogged 
and dull may be readily cleaned and made as good as new 
by soaking for a short time in sulphuric acid and water. 
The solution should be weak—about i ounce of acid to 
s quarts of water— and alter soaVm^ ^ few hours the 
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files should be washed thoroughly in a strong soda 
solution, brushed off clean, and dried by heat and then 
oiled. 

In plugging old holes with bolts or pipe plugs there is 
often great difficulty in getting them to hold tightly 
and not leak. This is often the case in holes tapped in 
water jackets where the metal aroimd the hole has rusted 
away until so thin that it will not hold the thread. Such 
holes may be covered by brazing on a piece of metal 
or by fastening a patch of metal over the hole by means 
of several small screws and a packing between the jacket 
and the patch. The former requires a professional 
brazer, while the latter takes considerable time, and if 
the jacket is rusted badly you may find several holes 
to plug instead of one covered up. A very good method 
under such conditions is to file the hole oblong or oval, 
as shown in Fig. 142, A . Then cut a piece of stiff brass or 
soft steel or iron just large enough to slip into the hole 
(Fig. 142, 5). Bore a hole through the centre of this 
piece and fasten it on the end of a short bolt or screw 
by threadmg and rivetting (Fig. 142, C). Thread the 
bolt or screw on the other end almost to the piece of 
metal. Slip the metal piece into the hole and turn 
aroimd so that the long ends are across the short diam- 
eter of the hole. Put a piece of packing over the pro- 
jecting bolt (Fig. 142, Z)), place an iron or brass patch 
over the packing (Fig. 142, £), and screw the whole 
down firmly against the outside of the jacket by a nut 
on the threaded bolt as illustrated in Fig. 142, and it 
will be found a most satisfactory way to stop up old 
holes or leaks in many places. If the cylmdfcx V5» ^ 'sasa&. 
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and had been discarded, the chewing-gum patch was 

still tight and iirm. If small leaks occur in the pipes or 
radiator they may be temporarily stopped by sprinkling 
fine commeal or bran in the water. This should be done 
while Ihe engine is running or trouble will result. The 
meal or bran hnds its way to every crack and cranny 
in the system, and where there is a leak it clogs the 
latter and swells tight. If the meal is placed in the water 
when the motor is idle it will form masses in the joints 
and curves and cause complete stoppage of the circula- 
tion. One of the worst cases of overheating I ever saw 
i caused in this way. The meal or bran should be 
scattered in the water slowly and gradually, and very 
little used; generally a couple of large spoonfuls is 
enough. 

Sometimes a bearing will become worn or cut and lose 
compression when it is impossible to get new ones with- 
out laying up the motor for some time. Bearings that 
are loose may often be tightened up by means of a set- 
screw placed in the bearing box as shown in Fig. 143. 
With bearings made in cyUndrical form this of course 
cannot be done, but with spht bearings it often works 
very well. 

Occasionally you may have some soldered Joint come 
apart or work loose when no soldering appliances are 
available. It will be very difficult to resolder such a 
joint unless a gasolene torch is at hand, but if you are 
in an automobile and have gas or acetylene headlights 
the joint may be readily sweated or brazed together in 
the intensely hot flame of these lamps. It is always 
advisable, however, to be provided with some one of the j 
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various prepared soldering compounds which may be 
used with a common match or oil lamp, or even with a 
candle. 

One of the commonest troubles with four-cycle engines 
is leakage aroimd the exhaust valve. As soon as the 
valve becomes pitted or worn it must be reground, for 
otherwise the hot gases will rapidly cut and burn away 
the valve until the motor is powerless. It is very easy 
to grind in a valve, and yet many owners and operators 
never attempt to do it but go to a repair shop or garage 
and pay to have it done, and very often poorly or 
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Fig. 143. — Set-screw to Tighten Bearing 



improperly done at that. To grind in a valve the spring 
and foot must be first removed. This is often very easily 
done by hand, but in some cases it will be found difficult 
to get out the cotter holding the foot in place without 
holding the spring up by mechanical means. Various 
valve-lifting devices may be purchased for doing this, 
but a home-made afifair as shown in Fig. 144 will answer 
every purpose. After the spring and foot are removed 
lift out the valve from its seat and clean the surface of 
valve and seat thoroughly. If the valve chamber is 



220 



GASOLENE ENGINES 



readily removed from the cylinder it is best to do a 
but if not, the cylinder should be thoroughly plugget 
with rags or cotton waste. Now spread a thin layer c 
fine emery and cylinder oil on the surface of the valve 
and place in its seat. With a screw-driver inserted in the 
slot on top of the valve, press the valve firmly down and 
while exerting a steady pressure turn it rapidly baci 
and forth on its seat. Lift the valve occasionally i 




Fig. 144. — Valve- lifter 

turn it to a new position and continue rotating. AftM 
a few minutes you will find the grinding or "gritty" fee 
of the valve has disappeared and that it moves abou^J 
more smoothly and quietly. Now remove the valve andl 
wipe off all the emery and oil on the valve face and seat. 
Ji a clean bright surface shows all around, the valve 
. is su&ciently ground, but i! spol?, 01 s^.-ieaks of dull or 
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black metal show here and there the operation should 
be repeated until the entire surface is smooth and bright. 
In grinding be careful not to press down too hard 
or to get dirt or fiUngs mixed with the grinding mixture, 
or the valve will be ruined. After the grinding k complete 
the seat, valve, surfaces around the valve seat, and all 
other parts where emery may have lodged should be 
carefully wiped and cleaned, for a minute quantity of 
emery getting into the cylinder will soon ruin it or a little 
left imder the valve will soon cut it worse than before. 
Some valves are not provided with a slot in the top for a 
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Fig. 145. — ^Valve-grinding Tool 



screw-driver, and in such cases there are generally two 
small, roimd holes. With valves of this sort you should 
use either a regular tool made for the purpose or should 
make a tool from an old auger as shown in Fig. 145. 
After the valve is ground and in place you should exam- 
ine the stem to see that it does not project so far that it 
always touches the tappet or push-rod when the latter 
is in the position for the valve being closed. If the grind- 
ing has allowed the valve to drop down until this ocoir^,, 
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the tappet or rod should be filed off until about 1/33- 
of an inch is left between the end of the valve stem and 
the push-rod or tappet. Never file off the end of the 
valve stem, as in this case a new valve will prove too 
long when placed in the old seat. New valves should 
always be ground into the seats, and a newly ground 
valve will never be quite tight until it has been operated 
for some time. 

Emery and oil is an excellent grinding compound, but 
Tripoli, rotten-stone, or very fine pumice will give a 
smoother and more beautiful finish, although the grinding 
wiU take longer with these materials than with emery. 
Various valve-grinding compounds are on the market; 
and some of these that are composed of carbonmdum, 
and come in the form of a paste in collapsible tubes, are 
the finest and handiest of preparations for grinding 
valves. Being in a tight tube and already mixed, there 
is no danger of foreign matter or grit getting in and the 
consistency of the compound always remains the same. 
A tube of this material should be in the kit of every user 
of a four-cycle motor. 

Even when the valves are well ground in and perfecl 
adjusted a motor will sometimes lose compression anJl 
yet it will be next to impossible to discover the joint 
or crack where the trouble occurs. At such times the 
leak may be readily located by squirting soapsuds around 
each joint while the motor is running. Wherever a 
leak occurs the suds will form bubbles and you will 
often be surprised to find how many unsuspected leaks 
there are in your motor when you test it by this method. 
A great deal of valve tiouHft ma-^ be avoided by 
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placing a, small ball race or thrust between the spring 
and valve foot as shown in Fig. 146. When this is done 
the valve revolves slightly each time it seats, and is thus 
continually resting on a new spot, causing less wear and 
liabihty to cut or pit. 

A great many compression leaks may be traced to the 
priming or relief cocks. These cocks 
become exceedingly hot through their 
direct connection with the interior of 
the firing chamber and are therefore 
subject to very severe conditions. In 
order to be gas-tight they are pro- 
vided with a stiff spring to hold the 
conical valve in position, and the heat 
frequently destroys the temper of this 
spring and allows the valve to shake 
loose. Oil and gasolene also tend to 
gum up the cock and prevent it 
shutting gas-tight, and often the cock will leak con- 
siderably without visible evidence. A cock manu- 
factured by the Morgan Mfg. Co. of Newport, R. I., 
and designed to overcome the many difficulties of spring 
seating cocks, is illustrated in Fig. 147. This is a dis- 
tinct advance in this line of accessories and is a good 
illustration of how little things can be improved to add 
greatly to the efficiency and service of a motor. 

Many motor troubles are caused by an accumulation 
of soot and carbon in the cylinders, firing chamber, 
valve chambers, or one of the spark plugs or sparking 
electrodes. The quickest method of removing such 
deposits is by using one of the vaiio\x?> c^.T?CiQTi-\^\w:5vi^'^ 



Fig. 146. — Valve 
with Ball-race 
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on the market. Care should be taken in using t 
see tliat none of the compound is left in the motor oil 
the crank case, as they will injure the engine unless 
thoroughly removed and the parts well oiled afterward. 
Only hght deposits and gummed oil can be thoroughly 
removed in this way, and for such accumulations plain 
kerosene oil will work almost as well and is safer £ 
cheaper. Where the deposits have become thick i 




Fig. 147. ^"Morgan" Priming-cup 

hard they must be removed by scraping and to do this] 
the cylinder head and other parts must be removei 
To thoroughly clean the carbon deposits from a neglected 
motor is a disagreeable, dirty, and tiresome job; but 
with decent care and attention there is no need of ever 
being obliged to do it. Good oil, and not too much of it, 
will prevent carbon from forming; and if once in a while 
the cyhnders are wiped out with kerosene, and the spark 
plugs and valves cleaned, there will be no danger 
being troubled with carbon and soot. 

S^^'iig piston rings great CB.^e'^o>i\ii\ie.iised,; 
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these are very brittle and break easily. By spreading 
the rings slightly with a pair of pliers, as shown in 
Fig. 148, and then inserting strips of thin tin or brass 
beneath them, they will slip off easily (Fig. 149) ; new 
rings should be put on in the same way. The last or 
lowest ring should be taken off first and the others in 





Fig. 148. — Spreading 
Rings with Pliers 



Fig. 149. — Shims for 
Removing Rings 



regular order, and in replacing them the reverse order 
should be followed, as otherwise the rings will slip into 
the empty grooves and cause lots of trouble. 

Special pliers should be used for spreading the rings, 
as they must work in exactly the opposite manner from 
ordinary pliers; that is, the nose should open instead 
of shut when the handles are brought together. Such 
pliers may be purchased ready-made, but are easily 
constructed from pieces of steel rod bound together 
with wire for a joint as shown in Fig. 150. Oftentimes 
rings will fail to hold compressioiv vjlverL iVse.-^ ^\^ xi^sA. 
15 
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worn out, through oil becoming gummed and hardened 
in the groove, thus preventing the rings from moving 
about or springing properly. If the grooves are found 
filled with hard oil they should be thoroughly cleaned 
and freshly oiled before replacing cither old or new rings. 
If the rings show smooth and bright aU around it provea I 
that there is no leakage past them, but if blue-black J 
or discolored spots show it indicates a leak. In cylinder&l 




for Spreading Rings 



with separate heads, where the piston is lifted up through 
the top, it is often very difficult to replace the piston 
and rings. By placing bolts or screws in the stud holes 
of the cylinder and pushing wooden wedges between 
these and the rings, the piston may be easily replaced 
(Fig. 151, W). Strips of brass or tin may also be used 
as shown in Fig. 152, S, S, and will save trouble and 
broken rings. 

Most engines have considerable bright brass work 
about them, and it adds greatly to the appearance of any 
motor to have this kept bright and clean. Hundreds of 
metal-polishes are on the market and some of these are 
good, some poor, and some will destroy the metal faster 
than they polish it. Avoid any polish that cleanses by 
chemicals or acids. Any polish that smells of ammonia 
or that wiU affect litmus paper for an acid test should 
t avoided by all means. ?iuc\\ 'pcife^i.t^ "«■■& ^ve a 
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quick and brilliant finish, but the surface of the metal 
will corrode all the faster afterward and will soon 
become eaten and pitted until ruined. It is far safer and 
better to make your own polish and it will cost far less 
in the end. For rough work, where old corroded brass 
is to be cleaned, cylinder oil and the finest pumice stone 
may be used, but for ordinary work or on brass that is 
in good condition a mixture of rotten-stone and oil, 
crocus powder and oil, jeweler's rouge and oil, or oil and 




Fig. 151. — ^Wedges for Putting in Piston 

whiting should be used. If a more liquid polish is desired, 
a little kerosene may be added until the desired consist- 
ency is obtained, while a paste may be made by adding 
hot parafline or tallow until the mass partly solidifies 
when cold. After polishing with any of the above a 
highly finished result will be obtained by wiping with 
kerosene and rubbing with precipitated chalk. 

Steel or iron that has become lusty bwt 'sXvcsviJA V^^'^ 
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a bright finish may be polished by scouring with emery 1 
and oi) or emery paper, and afterwards finishing witbJ 
pumice and oil or rotten-stone and oil. It is better,B 
however, to finish all iron and steel with paint or enamelif 
Any good engine enamel will answer for most places, I 
but on the exhaust and cylinders a special enamel i 
should be used. For cylinders the highest-grade engine 
enamel should be used or an enamel made by mixing 
the color desired with the best quality Japan varnish. 



'///////////////j>////? /h 




On exhaust pipes and mufflers few paints or enamels 1 
will stand, but graphite mixed with linseed-oil will last 
longer than any other compound. Before applying 
paint or enamel to any part of a motor the portion to be 
painted must be thoroughly cleaned from grease orJ 
oil and smoothed bright and clean with emery paperj 
Old paint or enamel should be smoothed off with emerj 
paper, and if any looseness or cracks appear the old paiata 
should be burned and chipped off to the iron. Part 
that nib or bear together, or bearings, should not \ 
painted; many troubles have been caused by painting! 
springs, valve stems, carburetot?., \%mters. and wires. 
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Where belts are used there will often be trouble with 
their slipping, especially where the drive is short. 
Around water, or in boats, leather belts should be 
avoided. For piunp drives, etc., wire-coil belting or 
sprockets and chains are better than anything else, but 
even wire belts will at times slip on the pulley wheels. 
When this occurs wrap two or three turns of adhesive 
tape around the wheel in the groove, being careful to 
have the tape wound in the direction of drive so it will 
not work up. Cotton-web belts are better than leather 
in most cases, and rubber is also excellent; while for 
very long drives nothing excels good manila rope spliced 
together. When belts slip they should be treated with 
some compound or belt-dressing. Many excellent dress- 
ings are on the market, but I have found that resin 
dissolved in gasolene and sprinkled on the belt is the 
best thing in an emergency. This should not be used 
freely on leather belts, however, for the gasolene soon 
ruins the leather. Perhaps the best material for making 
a belt stick and pull is common tar soap. By holding a 
cake of this against a moving belt it can be evenly dis- 
tributed and the belt will at once cease slipping. 

In winter time some provision should be made for 
preventing water from freezing in the tanks, pipes, 
radiator, and jacket of stationary and vehicle motors. 
In marine engines the water may be drained off to pre- 
vent this trouble, but in automobiles and stationary 
engines it is better to add some substance to the water. 
Glycerine, calcium chloride, salt, and various other sub- 
stances are used, but these are all more or less injurious 
to metals or rubber pipe. The best material is denatured 
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alcohol. This is cheap, it will not injure any portii 
of the motor, and it will prevent freezing even at thi 
lowest temperatures. It is better to keep too mucl 
rather than too little alcohol in the water, and as the 
alcohol evaporates rapidly when heated it should be kept 
up to its proper percentage by adding more alcohol 
from time to time. When all danger of freezing is past, 
the water should be thoroughly drained off and new 
water put in its place. I have usually found that a 
lo-per-cent solution of alcohol (i gallon to lo gallons of 
water) is safe, and it is very seldom that the temperature 
goes low enough to endanger a mi.Yture of this propor- 
tion. If alcohol cannot be procured, a solution of eq 
parts of glycerine and water, or a solution of 5 pouni 
of calcium chloride to a gallon of water will prove per- 
fectly safe. A solution that is said to be non-corrosive 
and will withstand a temperature of 20 degrees below 
zero is made by combining 75 parts of carbonate of 
potash with 50 parts of glycerine and loo parts (by 
weight) of water. 



»or- 
uab^ 

ter-™ 




THEIR OPERATION, USE, AND CARE 



231 



C/) 

Q 

a 
a 




S J S e B 
? § I J ^ 

•M C U U 



Q 
< 



W 
PQ 

O 

H 

O 
PQ 







O cd 
o 






^ \'M . 









8 



B B M 



4J O 



o 
♦^ .S 



u 
0) 



5S ^ -M "^ 
r» >» T: '"^ 



s 8 as- 5 



(d 

Cd ^ 

u ■*-• 
c) (d 

E J 

H 4) 
> 
O 



CO 






CO 

3 



3 



d bo 

.5 c/3 



o 

C C/) 

(d ^ 




R 4> C ^« 






o 






a.s 2 s 



0) 

o 
o 

CO 



I 
I 



o 

CO 
CO 

3 
J3 



§1. 



(d ^ 



«i .5 



(d 
PQ 



CO 

0) 



8 VI 



® d 

a; 

CO JA 

£! 2 



ho 

• ON U 



h u 



ti5 



2 ^ 

t' ^ 

.h Bo 

•o o 

I Si 

CO O 

■M O 

C +- 

a o 



Cd o 

cd C 

•S bo 

bo M 

t s 

^ -9 

a (d 

k ■=■ 



ill 
*C 

.S t 
o 

t-l 

c 
a c 

CO ^ 

3 



(d 



0) 






CO C 



•5o 



CO 



•8 


CO 


3 


s 


cd 




U3 

8 


• 




O 




B 


S* 


^4M 


« 


o 


^ 


6 


« 


o 


fiQ 






u 



•M CO 

i-i qj 

J I 

CO g 

Cd c 

C bo 

:g cd 

c tJ 

U CO 

^ cd 

CO 

Cg ^ 
CO 

a % 

P S 



CO 

a 
o 

CO 



Cd 



^ '-M cd 



m 



•ss. 



.^», s,E=s 1-5-2. aSsSsSSsSa 

''Is lli! -1?^ filisl .1'* 




THEIR OPERATION, USE, AMD CARE 



233 



>* o 

w 2 

2-8 



S 

9 



CO 

O ^ 

o o 



I 

6 



r] «0 OO a > 

I S .g S I § .s 




*j « s « 2 t: 9 






o 

6 
u 
Q 



•Q C ° -flu 

« " ?. tS £ 

!» t ^ ^ g H 

1 bfl «» 2 ^ 2 h 






"^ *C fc* w S 



0) u 






O 4; a Z3 O 5- W ^ 'e "-* 'r-i 



.J« 



« ^ 






of S 






<u.c 



g p to ^ 

^ S. b 1^ cj 

•5 -^ ° 2 fe .? 






T3 C 






« 43 U V 






— c 






c 

CO bO 
u — * 

O -rt 

o S 



° jt "^ -c -^ o '^ 



m (0 C; Q. ^ ^ (d 






?K 4i» Ji fl 

,5* -g TS '« 

•«» J3 PQ 4> - 

a .S S «> 

^ o ^ c 

a ^ a> 

us 



55 



> 
a; 

c 

c 



TO N 



O 



-2 . I £ fg Z 

O^ >v o o 



:S S 2 b ^ 



• 


CO 


a 




aj •ON 




J 




J3 


e 


u 






•** 


(0 


a; 

c 


2 cd 


m 


C5 


6 
cd 




S)t^ 


di 
^ 


S. 


l4 


■M 


3 


g) 


e 


d 




• •■4 

a-o 


*S 


.2 








C 


(d C 






a 







9i ^ 


bo 




CO 


8 

c 


ji 
^ 


. 




S 


a 


^ 


"O >»J2 


a 


0) 

c 
•So 




2 


3 1 
5i "^ 


i-i 





THEIR OPERATION, USE, AND CARE 235 



2 ,w 4> ^ -r So ^ '§ d 

>* ° & I .e § ^ S c £ 

oo's'SS'^'2'H'Sti ^'^ ZZ B'^ 

o^-g iS-o g-o ^ &TDi$ cutt;^^^ 




•J-ol SI'S °--S-S*S fc^-g^-s «-s .gti^^^-i 

I |§ 2 ^c 2i 2^ § iSfc a.S 2^ 1^ S J & 



9 O 4> 
• ^ I 

3 ^ ^ ^ «^ 



*^ 


^ 






•^ 




f^^ 


ji 


• 


•*« 




0) 


8 


"o 


bo 


2 


•o 


2. 




o 


a 
o 




^ 
^ 






•o 


«tO 


8 


p 


.8 


>^ 


0) 


?. 


K 


TJ 


^ 


© 


C 


8 


«o 


cd 


« 


-^ 


en 


.o 


;« 


9 


u 


;i 


CO 




© 


*o 




iV 



8 ^ 



2 ♦: "s :o 5/2 



I ^ bo 

-?S g *{ w 



236 



GASOLENE ENGINES 





a J:i 




u 
O 

a 

a 

c 
o 

(0 

a 
S ^ 



en 

c 



^ o 

a 

•g 8 

c 






8 



*N .s 



c 
2 



a> 
c 
c 
o 
o 



u 

c 

Im 

o 



en 

Im 

•| 8^ 
o o 

a 



6 ^ 



Wl -M 

C u 
•r a> 

Im 

o 8 

^-1 ^ 



O fc o 

w "Jrt 

O 3 

O -* 

bo u 

•s 8 

•^ a- 

Im 



c 

• O 

Q. •*-• 

C 

c 
o 






OT O CO 



•M o 

•5 P* 



bo 



O) 



Sf"0 



lo § 

e ^ 

Oh O 



_ Im 

c o 

E & 

^ c 

Im "^ 

o ^ 



Si 






3 5^ 

•3 i S 

.^ Si 

o C oJ 

-c bo C 

CO '"^ p 

+J +-» 

(d -j-j B 




2 " 

(d bo 



9 

O 
u 

H 



cd -S 

a; B 
*- 6 

tSJS 

cd 

E — ' 
(d -o 

E g 

e 

cd 

Im 

o 



en 

B 
O 
en 

"a 

X 






2 
"o 

O 
i^ B 

(d 

II 

u 

O a 
»»» 



THEIR OPERATION, USE, AND CARE 



237 






=3 rt ^ 



•s I 

^ to 

p a 

U CO 

O 



C 
(4 



(4 

2i 



Si 

SI 8 

o ~ 

s ^ 




^^13 ft) 



s 

J 



c 


*J 


• v4 


c 


j3 


••N 




*s 


C 


<M 


P. 


3 


M 


o 


O 




Wi 


u 


CQ 


? 




a> 


• 


O 


^ 




a 


• 

Wo 



^ to 

0} 



8 



bo 

be 0) 






o I! 
S ° 

In CO 
09 £ 

. 8< 

•S « d 
bfi bfi S 

« -n o 

"5 C/) -^ 

> o 



U 

bo 0) 
«= o 

•T3 O 
••^ ^ 

(O 

Im 

CO 0) 
0) g 

bo B 
O ctJ 

H -^ 

In 

• o 

•e ^ 

O (o 



3 -O 

O « 

s § 

.2 '^ 

S '^ 

u . 



g 

3 

bo 






o 

3 



■4>J CO 



u 
O 






I 

c 



0) 



u 

o 



(0 

IS 
o 
«J 
^ a> 

ho ? 

C +j 
(0 

3 

u o 



CO 1^ 

*2 . cd 

o (0 

>. o '3 

C g CO 

a P 



2 e 

T O 



fe 



CO Wi In 

o; 0) o 

(d .S C 

■M Lh 4) 

C o 

o • c 



S S I^S 



o 



c « 
o "« 

o ^ 

0) ^ 
3 
be 

(d w, 
O 



g (^ 



8 if I 



+-» 3 

3 

O 



td 



3 
u 
O 



+J 3 -o JS ^ 



c 


o 


4J 




r- 


3 




.e 






(0 


J3 




3 

• v4 


■f-» 


(d 

c 



u 


C/3 


bO 


■3. 


u 



c 3 

o c 

It 

M O 

3 *C 
.3 CO 



■M 

3 

• '-^ 

&?• 

^ (d 

a 

to 



u 
O 



O 



3 
O 



CO 

(0 a> 

3 -M 

I4 cd 



^1 

;s -1 -^ 

3 O 

O « 
^ -id 

3 •" 'r* 

a bo a 

« O 0) 

3 a 3 



CO 

bo 



2 

2 




I CO 

bo o 

CO '"^ 
CO o 

° s 

8 
*§> >. 

W g 
> 

3 
3 






_ 3 

^ (ft 



bA 



e .2 

\^ 

Q* 
C ^ 
° Si 

<4-> 

-S bo 
u u 

O) cd 

eo W 

S '^ 
U .til 



0) 

3 



to 

3 
O 

u • 
cd "2 

m § 

CO 

. O 
to ^x 

b >^ 



238 



GASOLENE ENGINES 



0) 

u 

a 

(0 



•2^ b t 



C (d 






S "* p o t •? -fl 

60 S 5 « a *^ -c 

^ H ^ OS h 5> 
^ -5 ^ ^ >^ C ^ 

« i 2 * i 

S § Si s? s ^ I 



■M 

i^ o 



-55 ^a^-DWSe 



§ n ^ ^ ►£ -Si ^ 



S! 






G o a 

•2 CO . 0) -f3 •" . 

5jj rt .- a w <y a> c 

•^« ® a c > g o 

IJI sill's 

^ s o 2i a^y -^ o 

\J O ^^ * ^ .*^ rt 
o £ u d .M ^ & 



s 

9 



u 
u 

pM 

g 

u 



o 



d 



^ '^ -Si O flJ W) bp 
.cd 



«3^-:^ 



o 

o 



►O •* ««4 ^i 'P^ "JH 



Im 

O 



d d 4-> 

"• '"^ d 

c .tl ^ 

5 S^ 



2 «J 



^ U Lm 

«5 cd -n 

O 



u 
O 

o ^ 2 I'S 

5 13 -iJ t«o to 



o 



3 



v« (d 

3 



d 



to — 
&> O 



0) 



o vd 



« -fi -S 1 •« s £ 



X U CO .iK 



•s 2 ,2 g 3 ^ 



<J .2 S g a 



3 



O 



— u 

c cd d 



d 
o 



J: .S 2 fe 5 S i 
ha^fLHacdU 



u 

3 ^ 

s-^d 

o fe 
o 



o .y 

o 

d 
o 



d 

a. to 



fe S ^ cd 



o) 



to 






a> 



2 4^ ^ _S 



X d «" 

3 ^ cd 

CO Ui 

cd O 
bO 



O 

o 



d 
_ cd 
o -c b 



to 



.Si 

d 



a £! S 



u .d o b 

O u u t-i 
u ^ O .Q 



0) 

o 



2 ^ 

cd ^ 



3;^ .2 g3 

(i, "3 g o xi 



to 

3 



O 

d 



d -i^ 

W) to 
cd 

a o 
^^ 



s 11 8 '^ ^ i ^ g § II 8.(2 &-g s a I „ II « s 

- a.|t« ^1 ^ d « I ^ i a*^ •- -§ § ^ ^ I = t i c 



o S 

to "^ 



an «5_5i/<.?>-99«''r><^- r"'dcZ^cd3'S33 



4) 

2 

3 



h 

H 



' I- /,t d 
c <l^ ^ § 

3 "^ .S .d 

to 

.. d 
o o 



^ ^ Vi-i 



o ^ 

4-) 
bO r- 

d .5 



bio '^ -M CO ^ 

•I -a S-2-° 



Si 
cd 

_ X <u 'd 
cd >> <u .id ed 



-^ Im Cd "H 






3 cd 

9) Im O 



O 
g 

CO 

u 
O 






CO 



to 

u 
O 



•S O 



_ .. „ ^ bjo o d 

*^ ill I It 



_J Ji< »*5 .id a C! 
^ U O (J .id 0) 

aW * m g *^ 



to 

u c« 

8 ^ 



cd 

g 

o 

u 



a> 



to 



d 
^ +: 3 



•^ d 

3 



g-- 



to 

d 

.2 

*co 



d 
cd 



to 

3 

cd 



g 
o 
^- .d 

bo -^ 'r- o g 



cd 



^ d g S -S iS 



(V +J 



to 

u 

o 
o 

g 



vn ^ CO VI v^ > 



THEIR OPERATION, USE, AND CARE 



239 



E 



G 



4> 



if § 

o U 



c 



I 



tl 



c 



= •8 



(0 



cd 



&0 .rt 
3 ^ 









u 

3 



Si 



0} 
CO (tf 

1 s 



O 









GO 



o 



3 
bo « 



CO 

3 



^ -a £ ^ S -a, 



eo *^ O 
3 « 

^15 



cd .^ 3 



(^ 3 -M (4 




0^ 

I 



2 >• 

3 J* 

61 



>. o 

3 U 



3 
O 

a 
o 



S o ^ 

Q a> 3 
I >-Sb 

< rt 3 

> a> 

«; -^ t 

?» <J o 

So " 9 

3 ^ ^ 



u u 

J, o 

6 2 

» 3 

oJ • - 

O ^^ 
bo 

O . 



r3 O 
O - 



^ 



J2 o 



^ o 



'J 

o 
o 



•J 

c 
a> 

en 



.-3 -fi 

o o 



ii u 



CO 

3 
O 

u 



CO 






0) 3 
O O 

o 
a 4J 

S "5 
3 ^ 
a, 

O T3 
O 

q3 o 

^ 3 



O .-3 



CO 



O 

3 



O •- 



t: 




CLh 


hJ 


• 

CO 

a 


• 


• v4 


o 






CO 


3 


u 


• ■i* 


^ 


_« 


• ■i« 


(d 


O 


■M 




o 


O 


B 







•<* 



3 



bo 2 

IS 



CO 
(0 

3 



.§ ,3 _ 

!^ bo "^ 
^ ^> 

§ 00 3 
"^ O 

e . ^ 

•^ cd C 

ST 0) c 



^ o o 

3 .3 

13 3 

8 1^ o 

On* 

£ *5 « 
CO 35 'g 

0) o "^ 

3 

S ^ X- CO 
.3 bo bo 

T3 3 3 

3 



CD 3 •* "• 

S 2 «^ «J 

C Q 4> 



i5o «» 

-2 3S 

S « 

2 g 

c 

'So is! 

3 i^ 

0) 



3 ^ 

CO Ja 

O '"N 

"cO CO 

3 O 

•^ O 



«> >-i 3 
»^ O .3 



CO 

a 



S cl 7* 



GASOLEM ENOWK 


^^ 


240 , S, . ..; 

llPiilllFliiiii-ii 

Pill 151 


1^11 i 
= 1-8° 

st s 

i!M| 

3 ^ 1 a ^ 
s s 1" = 
?ll 1 

nil 

m 

"3 J^ m"-3 




J S a 


E Q c c 

■""11 

Is s i 

ilil 


1 ii i 
ii 1 


HK 


^_ ^j ^ 





THEIR OPERATION, USE, AND CARE 



241 



00 u 

a "g 

.a ^ 






>>* 



f :&8. 



£ 



tao 

a 

d eg 
8.S 

a o 



^ a> 
— • oj 

•s * 

CO 

3 

o 

O -M 

•S 6 

1« 
fg 

u a 

o o 



•^ S? £ ?^ J9 w 



« 3 



^ a 
.S «» 



3 S S « 



a e 



75? 



o 2 



a> 3 
Jbj p 

" is 






2';; 

m GO 
TJ O 

2 bo 

^ a 

^ a 

> 

o 

G 

u 
3 



O 

f 

u 
o 

o 
S 



0) 



S 5 



c 
^ (4 



« s 

CO 4J 

c o 

cd a 



(d CO 
^ -5 



> « 

0) -M 



c ^ 

CO O 

CQ tm^ 



«J > — 

a> o — 

-fi ft! 

-I « ^ 

bo.S ^ 

o c O 

*- a 

O C e 

>* 2 



Jl 

-flu 



0} 



0} 

O cd 
G B 



Si's 

3 C 

o ^ 

m CO 
bo—* 

C u 

•C 4) 

8.S 

J2 •>. 
a (^ 

s • 

« o 
So c 



O 'C G 

Ceo 
a .0 



(I) 



a S 
a-5 



• c ^ 

^ « g 

P c 

•^ c . 

u s ci 

c^ S ^ 

4> O 






a 

a 

3 

o. 

c 

3 



O 
O 

o 

3 
09 



8 

P 

bo 

a 
3 



O 



Q,':^ 



c ^ 



a 

"M O 



O p 
s > 

5?U 



:§ 8-i 






4> 



CO ^"g 

.tl .S -o 

§ S 8 

o !: o 
^ .5 c/) 



8 4J 4> 

c4 Q 



CO t—^ ••i« 



3 

CO 



o ^ 

CLh o 

a iS 



o 



-Sot 
o ii ^ 

a bo ^ 



CO 

O 

G 
o 

2 






bo 



bOj2 13 
o - ^ 



O p o 
a> B o 



o 



a 

3 




pO 
9 

O 

^^ 

'^ to 



0.1 

Gil 

^ c4 

U3 
m 

^ O 

o -^ 

3 ^3 

•c § '^ 
/6 



G 4>» 

3 CO 

.5 p 

C bo > 

o c o 

^ W d 

Oh oJ 3 

m 4-» 






8 o 

CO >fi 

.a w "^ 

^ O 



u 
O 



m 



; EUG^^ 



» 



5 ^l&i 1^ 



g J, M e 



l.i:^-^ 
l;ii- 






, .S § * 1 



g I ^ s 1 ' 



iSl 



"B S g 2 ■§ S 

; E = s i? 



- -s I'- 






5 V. E a s I, . & 5 I 



!Mi|iiiriiiiiii 






fl. " be 



THEIR OPERATION, USE, AND CARE 



243 






-^ § 2 " 






Wi CO "O 



^.s 



§1 



I- CO 'U t>v 5^ "^ 

g - eg bi) -3 b ^ a> 



c 



a* 73 tJ rt 

•* ^M f*» 






c 



c 
o 

0) 73 



cd 




4) gf o . 



ii 3 " 'c ft) 

rt .S .ti K •£ -43 ^ ^ 



rt 2 'So *^ 



O 



: « S ft> '" ^ 



^ ^ 
g.'' 



ft) 



CO „ 

0) 5 



>. o 
(d >. 



to 

-2 :2 ^'^1 § a 



^ C ft) -S t! J 



ft) a 



g E fe .2 .2 -o CO- 

jy *^ {> •-* CO ft) -M £2 -t 

n^ ft)-M «T3*t: fc Si 

.50J'4->U..MC0{>U3 



s 



.A 

3 


u 

H 



CO 

8 



t: CO CO 4) ^• 

pm ^ .3 u 3 

+j ft) ^ 

= 6 c . 

cj — ;? L- te ® 

^ aS^ o ° - 



t: o 



r ft) .-3 bo 

C O 3 



gj C „ 

5 c 2 ii O ^ a 



-i< 
S 2 4> 

3 4-) 



u 



u 
O 






3 
o 



3 -M T3 

O § 3 

M Oh . ^ 

ft> bo 

g § ^ 
000 

u 



2 CTJ 
^'S .S 3 ^ ^ TJ 

fti -'^S-Su£o-i^-5?i3 




•*H c 

o «J 



^ 



3 3^ 



4ts CO 

1^ CO 
-^ CO 



CO .*i 



bo 

3 



3 -^ 



J3 



a S 

« 3 



3 ffi,t)^ o S 2-2>» 

,U.3C.3ft)^ft)3p: 



g ^ 



S Tj 



ft; 



3 
ft) 

g 



Scd bo 

3 rt ^ 



3 



u ft) 

o 5 



fe^ S e £ g . 

. . ± O rt 2 -rT X 

T30ubfiu*t-^*rG 
rt '13 . ft) 3 ft) O -^ .', L- 



HM 


1 


••H 


•;3 H 


3 2 S S 
u aCui 


u 


1 


1 









u 



"a 






bo 

3 

'i2 




• 








^ 




b« 


a 




3 


^ 


3 


^ 




t!^ 


a 


<3 


3 






Vt^ 


k« 


•»• 




• 





a) 


u 




^ 




»V 









^ 




1 


u 
ft) 




s 

^ 


hJ 


I 


€ 






bti 




3 
g 




V. 


3 


U) 


3 




^ 


T3 


3 


•«H 




K 


3 
3 


•W4 

cd 


91 

3 









0; 









C.J1 


•«i 





244 


GASOLENE ENGINES 




n 


>. 


tems by tr«e use 
e operating same 
pitted, worn, or 
alve should be 
I is bent get a new 
rings are a great 
a and feet, if old 
make a great im- 
? that all lost mo- 
but that the push 
is not continually 
the valve stem, 
•cs now antl then 
hey are properly 
riation of 1/32 of 


s ss 
I.I; 

1 J* 


III ■ 


J 


l^<sr!i^!i-P^! 


|;5"1 


|!|| H 




Clean va 
of kerosene 
by hand, 
scored, th 
ground. If 
vaive. Ne 
help. New 

provement. 
tion is take 
rod or tap 
bearing ag 
Test your 
to see th 
timed; th 


'" "S '* 

las' 
si'l 


PiJI 


if 


or a tooth chipped or broken. 

Sooty or gummy depoats on 
stems or springs. Spindles bent, 
broken, or rough. Spring too 
strong or too weak. Pitted or 
scored valves. Wear of cam, gear, 
push-rods, tappets, valve stems or 
feet, or a cotter-pin in same which 
is loose, worn, or broken. Also 
hole for cotter-pin being worn oval 
or oblong. Not enough or too 
much lift. In case of automatic 
inlet valve, leak in cylinder or by 
piston, thus preventing suction 
from opening valve. 












i m 




•3^^ 




lf^| 


1 






\m 




«i gZ 




'* B^^l 




llll 




Ijl 




seS 




Jl 



THEIR OPERATION, USE, AND CARE 



245 



I 

t: 

o 



0) 

^ 2 
E ^ 

eg -e 

s 

B 

o 

a> 

G 



4) Im Im 

e o a> 
c S ^ 

o ;:: .ti 
>. > 



9i 

.s'i S 

"tt bo ^ 



Im go 

■§^ 

.t3 CO 

■^ p3 

> 3 

(y ^ 

eg -o 

bo o 

^ B 

*i2 I 

o ^ 



5 .2 a 

(4 .c 



^& 

••^ 

C 

CO G 

.1-1 c! 

^ 4> 

a* 

CO 5 

G t 

c It: 

(4 o 



CO 

-Si 
"o 



CO 

B 
o 



(0 

G 
C 

o 



I 

s 



S 2 
IS. 



a> o 
CO >C 



ii 

B 



^c.^^^l-'S 



8 ji 

3 o 

d CO 

o 

G 



bo 

>» 

(4 

B 



O V* 

^ J4 

G 

G *j 
Cd vt-i 

U o 

U o 
O •Q 

(0 (M 

^ s 

CO O 



bo .5 
S 2 

a o 

'Z s 

2 c 



3 T3 
(4 C 
U (4 

a> o 

G -M 

3 

bo (4 
u 

<=> § 

.2 p 



s 



(4 . 

3 « 

cd u 
o 

CO -M 

3 C 

43 — 

3 -O 



(4 

CO 

o 



2i 

3 







CHAPTER IX 

(^.ossARV OF Alphabetically Arranged Technical ' 
USED IN Connection with Gasolene Engines, wit 
PLANATiONS. — Various Useful Tables; Heat Value < 
Fuels; Size and Capacity of Tanks; 
Drill Sizes for Screw Holes; United States Standai 
Screw Threads; Cap-screw Sizes; Finding Sdrfacb t 
Volume. 

Glossary of Technical Terms 

Acceleralor^Any attachment or device for increasing speed. 
Advanced Spark — An electrical spark produced to ignite a charge q| 

gas in a motor before the piston reaches the upward limit of H" 

compression stroke. 
Air Lock — A gathering of air in a pipe which prevents the flow ll 

liquid through the same. 
Annular — Pertaining to or in the form of a ring. 
Annular Bearing — A bearing in the form of a ring 
Annidar Opening — A ring-shaped opening. 
Ampere — A unit of electrica 

quantity. 
Ampmeter {Ammeter) — An in: 

amperes. 



il around an 
tricity between two magnets, a 
A tmosphere — The weight, or pressi 
per square inch. 

Babbill— 



nearly analogous 1 
for indicating o 

producing el 



of air, equivalent to 15 pounj 



. composition of various soft metals used a 
e friction. Bearings made from babbitt. 
Backfiring — The backward or premature explosion of a gas eagii 
Ba^e Plate — A plate or partition to turn or stop the flow or force 

of gases or other matter. 
Balance Weight — A weight attached ti 
balance the explosive force of the n 
e the tendency to 
240 



a crank, shaft, or wheel, ti 
otor and lessen vibration, a 
a dead centre. 
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Ball Bearing — ^A bearing in which revolving steel balls aid in over- 
coming friction. 
Ball Cage — ^A metal cup, ring, or recess, holding the balls in a ball 

bearing. 
Ball Check — ^A check valve in which a ball fits over the opening, in 

place of a regular valve. 
Ball Pein — The round end of a machinist's hammer. 
Ball Race — Hardened steel washers, or disks, against which the balls 

bear in a ball bearing. 
Bearings — The parts on which a revolving surface rests, or through 

which it passes in contact. 
Bed — The surface to which a motor is fastened by its bed plate. 
Bed Plate — The flat surface at the base of a motor used to attach 

the engine to its bed. 
BeU Crank — ^An angular crank transmitting power, or pull, at right 

angles. 
Bevel Gear — Cog-wheels, or gears, with sloping faces for transmitting 

power at an angle. 
Binding Post — The post, or metal object, to which electrical wires are 

fastened. 
Boxes — The metal casings which contain, or hold, bearings in place. 
Brasses — Bearings of bronze or brass used in place of babbitt. 
Break Spark — ^An electrical spark produced by interrupting or 

breaking an electrical current. 
Breaker — ^An object for breaking or interrupting an electrical current. 
Brushes — Metal or carbon points used to gather or transmit elec- 
tricity from the armature of a magneto to the wires. 
Burr — A roughened or enlarged edge, or end, of a bolt, shaft, pipe, 

or other metal object. 
Bushing — ^A cylindrical shell or casing to reduce a hole in a pipe, 

wheel, or other object or to enlarge the object that passes through 

a hole. 
Butt Spark — See Kiss Spark, 
By-pass — The passage through which the explosive gas passes from 

the base to the firing chamber of a two-cycle motor. 

Cam — ^An irregular or variously shaped piece attached to a shaft 

and so designed as to transmit a varying motion. 
Cam Gear — The gear used to operate a cam. 
Cam Shaft — The shaft, or spindle, carrying a cam. 
Calorific Power — The power actually contained in a unit of heat. 
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Calorific Value — The number of thermal, or heat, units contained in 

a certain quantity of fuel. 
Cap Screw — ^A form of machine screw, or bolt, having a square or 

hexagonal head. 
Carburetor — A device for so combining or mixing liquid fuel with 

air as to produce an explosive or combustible gas. 
Castellated Nut — A nut with grooves on its top, to hold cotter pins. 
Catalytic Ignition — Ignition by the use of spongy platinum which 

becomes incandescent in contact with coal-gas or carbureted air. 
Centrifugal Governor — A device which regulates the speed of an engine 

by the centrifugal force of weights operating through springs or 

other devices. 
Centrifugal Pump — A pump which operates by a revolving fan or 

wheel within a casing, and which forces water or other liquids by 

centrifugal force. 
Check Valve — ^A valve so constructed that the valve lifts or opens 

to the pressure in one direction, but closes or seats w;hen pressure 

is exerted in the opposite direction. 
Choking — The failure of a motor to operate properly through the 

surplus of oil, fuel, carbon, or restricted passages in the exhaust. 
Clearance — The space between the top of piston at its upward limit 

and the interior of the top of the cylinder; space between any two 

objects. 
Clutch — A device for holding motion or power between the motor 

and the mechanism to be operated and which may be thrown off 

or released at will. 
Coil — Wire wound about an iron core used to create a greater inten- 
sity in the electrical current. 
Columbia Locknut — A form of nut provided with a tapered, threaded 

bushing within a nut; so designed as to contract or grip the 

thread upon which it is screwed and thus obviate slipping or 

working loose. 
Combustion Chamber — The chamber or space in the cylinder, or 

connected thereto, in which the gas is ignited or exploded. 
Commutator — A revolving or oscillating object connected to the 

wires of an armature and through the action of which the elec- 
tricity is transferred by brushes to the wires. Also applied to 

timers. 
Compression Stroke — The stroke of a piston which compresses the 
gas in the cylinder and at or neat \\ve Vvmvt ol n^\C\Ocv \?cvfe, \sfjvvtion 
and explosion take place. 



THEIR OPERATION, USE, AND CARE 249 

Compression Cock — Same as Relief Cock, 

Condenser — Numerous sheets of tin-foil placed in an induction coil 

and connected to wires across the interrupter. Designed to reduce 

primary sparking at the contacts and to increase the current. 
Connecting Rod — The arm or rod connecting the piston with the 

crank shaft. 
Constant Oil Feed — A device for constantly feeding oil while the 

machine is in operation. A force-feed oiler. 
ContcLct Points — The points through which an electrical contact is 

made. The platinum points of the vibrator or of the electrodes 

on a make-and-break igniter. 
Controller — A device for controlling any mechanism. 
Cotter Pin — A metal pin with the two ends bent around so as to lie 

close together. When placed in a hole the ends are separated, 

thus preventing the cotter from slipping out. 
Counterweight — The same as Balance Weight, 
Counterbalance — The same as above. 

Coupling — ^Any device for connecting two pipes, rods, or shafts. 
Crank — The offset portion of a shaft to which the connecting rod 

is attached and through which power is transmitted to the shaft. 
Crank {Starting) — The crank or handle for turning over or starting 

the fly-wheel of the motor. 
Cranking — The operation of turning over the fly-wheel of the motor 

by hand to start the engine. 
Crank Case — ^The case or recess within which the crank revolves. 
Crank Shaft — The shaft bearing the crank. 
Cross-head — The piece to which the connecting rod is attached and 

to which the piston rod is also fastened, and which slides in guides, 

thus transmitting straight linear motion to a crank by allowing the 
. connecting rod to oscillate on a pivot through the cross-head. 
Current-breaker — A device for interrupting or breaking the current 

of electricity to produce a spark. 
Cut-out-r-A device for allowing the exhaust to pass directly into the 

air without going through the muffler. 
Cylinder — The portion of the motor which contains the piston and 

within which the explosion takes place. 
Cylinder Ribs — Metal ribs, or flanges, cast upon the cylinder's 

external surface to radiate heat and cool the cylinder in air-cooled 

motors. 
Cycle — ^A certain period of time within which the same events occur 

regularly. As applied to gas engines it \s pTaLCtAca^X"^ ^o^vs-aNfe^x 
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lo "stroke" and Is one-half a. revolution of the fly-wheel, appro 
imately. 
Cyclic Phases—The phases or changes in operation during ( 



Dead Centre — That portio 



3. revolution during which the pistol 
le crank; the upward and downwi 
limits of the stroke. 

Deflector — -The projection from the top of the piston 

motors designed to prevent the inrushlng gas from passing ai 
and mingling with, or escaping with, the exhaust and t 
its course toward the top of the cylinder. 

Diaphragm — A thin plate or partition, usually flexible. 

Die — A tool for cutting male screw threads on rods or pipe 

Die Stock — The handles and holder for holding a die when using io! 

Differential Gear—A combination of gears, or wheels, so arranged" 
that motion may be transmitted to different speeds or powers, 
or where the resistance is unequal the power exerted may be 
equalized. 

Differential Cam — A cam transmitting varying motions or powers. 

Differential Piston— A piston composed of two pistons of difTere 
MMs and operating together to perform separate duties. 

Distillate — Denatured alcohol or similar fuels. 

Dislributor — A device for iistributing anything. In connection 
motors it is usually applied to a form of electrical device b 
distributes the ignition current to the various cylinders, but | 
also applied to devices for feeding oil or to an arrangement t 
leading the charges of gas to various cylinders (see Elmore m 

Dog — A mechanical appliance for transmitting certain motions. 

Dowell — A pin or key used to hold two pieces or parts together 

Drop Tee — A pipe fitting in the form of a tee but provided with ■ 
bracket or flange for fastening to a wall or other object. 

Drop Ell — A pipe elbow with bracket as above. 

Dynamo — A machine for generating electricity through the n 
e between electro- magnets. 

Dynamometer — A device for ascertaining the power necessary t 
operate a machine at a given speed. 

Eccentric — A circular disk set on a revolving shaft with its 
with that of the shaft and used to transmit r 
CMi^E motion from rotary motion. 
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Eddy Current — ^A current or irregular flow of the gas caused by square 

or rough corners in the passages which prevent a free flow to or 

from the cylinder. 
Electro-magnet — ^A piece of iron covered with a coil of wiro. When 

an electrical current is passed through the coil the iron core 

becomes highly magnetic. 
Electrodes — ^The two points carrying the electric current between 

which a spark is produced, as in a spark plug. 
Exhaust — ^The escape of the burnt gases from the cylinder. The 

opening through which these gases escape. 
Exhaust Valve — ^The valve which allows the burnt gases to esca|>e 

from the cylinder. 
Expansion Joint — ^A joint or coupling so designed as to be capable 

of expansion and contraction by one side sliding over the other. 

Face — ^The smooth or flat surface of a joint or wheel. 

Factf Plate — ^A plate of metal provided with clamps by the use of 

which an object is held in a lathe where the surface is to be turned 

off or faced. 
Faced Joint — ^A joint made by having the two surfaces ground smooth 

and flat. 
Fan — ^A revolving wheel or disk provided with blades or paddles 

for circulating air about a motor to cool it. Applied erroneously 

to a propeller wheel. 
FecUher Vibrator — ^A form of vibrator of very delicate construction 

and capable of very rapid vibration. 
Flange — ^A projecting surface, or ridge, usually applied to parts 

designed to be bolted together or attached to some other 

object. 
Flange Coupling — ^A joint formed by fastening two pipes or shafts 

together by two flanges bolted together. 
Flange Union — A flange coupling when applied to pipe. 
Flash Point — ^The temperature at which a substance ignites. 
Flexible Coupling — ^A coupling composed of oscillating parts so 

designed as to allow the shaft to revolve even when the two parts 

are at an angle. 
Flexible Elbow — ^An. elbow constructed as in the above. 
Flexible Joint — Same as above, but more often applied to small 

rods, etc. 
Flexible Union — ^A union for connecting pipe constructed with parts 

which permit it to be set at varying angles. 
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Float Feed — An arrangement by which the flow of a liquid is rtgu- 

laled by a vaive operated by a float. 
Flooding — An excess of gasolene or other liquid fuel in an engine. 
Fly-wheel-— The large wheel at the end of the shaft used to carry 

the momentum of the shaft beyond dead centre and to 

vibration. 
Four-cycle — The operation of a motor in which an explosive impulse 

occurs only on every other revolution of the fly-wheel or on every 

fourth stroke. 
Friction Clutck—h clutch in which the power or motion is held and 

transmitted by frictional 



Gap — The space through which a spark wiii pass between 
electrodes or terminals. 

Gasket — -A ring of material, or packing, placed between two surfaces 
to render the joint tight. 

Gaie Valve — A valve which operates by a gate or partition that rises 
and falls in a groove or guide, thus giving a full opening; a full- 
way valve. 

Gauge — An instrument for measuring anything. 

Geor— A cog-wheel. A combination of cog-wheels. A device for 
transmitting power, speed, or direction through a combination of 
cog-wheels or "gears." 

Gear Pump— A form of rotary pump in which the water is sucked 
in and forced out by the revolution of two interlocking gears. 

Generator — An appliance for generating gas from liquid fuel and air. 
An instrument for generating electricity. 

Gland — A ring, or thimble, of metal used to hold packing in position. 

Globe Valve — A valve which operates by a circular or globular valve, 
seating by turning down a threaded stem or spindle. 

Governor — A device for regulating power, speed, or Row, In con- 
nection with gasolene motors, a device for regulating the speed 
of the motor within certain limits. 

Gravity Feed — The feeding or flowing of oil by gravity alone. 

Gravity Oiler — An oiler operated by gravity. Not a force-feed oiler. 

GroKttdtng— Connecting one wire from an electrical generator to 
the ground or to the frame of the motor and using the 
place of a complete wire to the other electric terminal. 

Bainrner Break — A form of breaker, or interrupter, which 
• Iiammer by striking upon another piece of metal. 



I 
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Hammer Vibrator — A vibrator constructed heavily to give stronger 

and slower vibrations than other forms. 
Hanger Bolt — A lag-screw with a threaded end in place of a square 

head and onto which a nut may be screwed after the screw itself 

is in place, thus avoiding removing the screw from the wood in 

order to remove the object held in place by the screw head. 
Helical Gear — A gear wheel with the teeth cut at a certain slant or 

curve, which forms the part of a helix or coil. 
Helical Spring — ^A spring made in the form of a helix; a coil spring. 
High Tension — ^A form of electrical discharge of high amperage. 

The induced current in an induction coil. The secondary 

current. 
Hit-and-miss Governor — A governor which regulates the speed of an 

engine by allowing the valves to lift or remain closed through the 

action of an arm or blade which operates at normal speed but 

which misses when the desired speed is exceeded. 
Horse-power — ^The power required to lift 33,000 pounds one foot in 

one minute. 
Hot Tube — A form of igniter in which the charge of gas is exploded 

by the use of a tube kept at red heat. 
Hunting — The irregular action of a governor causing an engine to 

slow up or increase its speed at intervals. 
Hydrometer — An instrument for testing the specific gravity of 

liquids. 

Igniter — ^Any device for igniting the explosive charge of gas. 

Igniting Device — Same as Igniter. 

Ignition — The process of igniting the charge" of gas. 

Ignition Plug — A plug inserted in the cylinder and which carries the 

electric spark used in igniting the charge; a spark plug. 
Indicator — A machine for ascertaining the action of an engine by 

means of a tracing on a card. 
Indicator Card — The card on which an indicator forms a tracing to 

show the action of a gasolene motor. 
Inductance — The power of inducing, or generating, electricity in a 

coil of wire by passing an electrical current through another coil 

close to but not in contact with the other. 
Induction Coil — A coil for generating induced electricity. 
Inertia — The tendency of an C)bject to remain stationary when at 

rest and which must be overcome before it starts to move. 
Inertia Governor — A governor that acts through inertia. 
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I?Uel Value — The valve which admits the charge of gas to an engine'w 

cylinder. 
Insulation — The protection, or covering, of electrical conductor 

prevent the escape of electricity. 
Insulator — Anything which prevents the electricity from escapini 

from a conductor. 
Intake — The opening through which the fresh gas is taken into tl 

cylinder. 
Intake Stroke — The stroke of an engine's piston which draws a cbarg 

of gas into the cylinder. The suction stroke. 

Jacket — The portion of a motor covering the cylinder and separated 
from it by a passage for the circulation of water or other cooling 

Jig — A device by which any machined article may be accurately 

duplicated. J 

Journal — A bearing on a shaft. fl 

Journal Box — The casing holding a journal. I 

Jump Gap — The space through which an electric spark will jump. • 
Jump Spark — A spark of high-tension electricity which is caused by 
wparating the electrodes or terminals of a circuit, thus causing 
the electricity to leap or jump across, producing a hot spark. 

Key — A square piece of metal inserted between a wheel, o 

object, and a shaft and fitting into recesses in each to prevent 

turning or looseness of the two parts. 
Keyjvay — The slot or recess into which a key fits. 
Kicking — Backfiring or premature explosions causing the mo 

to reverse its motion when starting or to "kick" backwards. 
Kiss Spark — A form of make-and- break ignition in which the ci 

points approach gradually, press firmly together, and separatd^ 

instantly. Also called Butt Spark. 

Lag-screws — Heavy wood screws provided with a square bolt hea 
iMid — The advance or timing of a spark to cause ignition before tl 
limit of the compression stroke, causing the explosion to exert id 
greatest force just as the piston passes dead centre. 
Leoer — A rod or arm for increasing, transmitting, or coatrollil 



power or motion. 
Liners — Thin pieces of metal for reducing o 
between two pieces of metal. 



enlarging the • 



bUL. 
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Lock Nut — ^A nut screwed onto a bolt above the regular nut to 
prevent the latter from working loose. 

Lock WcLsher — ^A washer, or ring, with one side cut through and the 
ends slightly turned up or sprung apart. Used to place under a 
nut on a bolt. The tumed-up edges prevent the nut from loosen- 
ing or working off by the friction of the ends bearing on the under 
surface of the nut. 

Lost Motion — ^Any looseness or motion which accomplishes no useful 
purpose and detracts from power or speed. 

Low Tension — ^The primary electrical current either direct from a 
generator or battery or after being passed through a primary- 
wound coil. 

Lubricant — ^Any substance that lubricates or reduces friction be- 
tween moving parts. 

Lubricator — ^Any device for distributing a lubricant. 

Lug — ^A metal projection for attaching to another object or for 
bearing against another piece. 

Magneto— A machine for generating electricity by means of an 
armature revolving, or oscillating, between two permanent mag- 
nets. 

Make and Break — ^A system of ignition in which the spark is produced 
by alternately making and breaking an electrical current. 

Manifold — ^The common outlet of several pipes or tubes. 

Manometer — ^A gauge or instrument for determining the pressure of 
gases. 

Mechanical Equivalent, — ^The power contained in a gaseous body and 
which must be accounted for, either as heat abstracted from it or 
as some form of mechanical energy. A deduction from the law 
that nothing in nature can be lost or wasted. 

Mechanical Oiler — ^An oiler or lubricator operated by mechanical 
means. 

Mechanical Valve — ^A valve operated by mechanical means. 

Misfire — ^The failure of a compressed charge to ignite and ex- 
plode. 

Momentum — ^The tendency of an object to continue in motion after 
the power required to move it has been stopped. 

Motor — ^Any machine for producing power or for transforming 
natural forces to mechanical motion. 

Muffler — ^A device for quieting or silencing the noise of the ex- 
haust. 
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Needle VcUve — ^A valve formed by a pointed rod bearing against the 

circumference of a small hole. 
Nipple — A short piece of pipe threaded at both ends. 

Offset Cylinder — A cylinder so placed that its centre is at one side 
of the centre of the crank shaft. 

Offset Crank — A crank placed so that its centre is out of line with the 
centre of the cylinder. 

Ohm — A unit of electrical measurement denoting resistance depend- 
ent upon diameter, length, and material of the electric conductor. 
Analogous to "friction." 

Oil Feed — A device for distributing oil. 

OU Pump — Any device for pumping oil. 

Otto Cycle — Four-cycle. So called because the Otto engine was the 
first to successfully adopt this system of operation. 

Packing — ^Any material used to prevent leakage around a moving 

part or between the two surfaces of a joint. 
Packing Gland — A piece of metal which presses the packing into 

place and is held by a threaded screw or other device. 
Packing Nut — A nut used to hold packing in place. 
Pein — The end of a hammer used for striking. 
Peining — Hammering or stretching a piece of metal by use of the 

pein. 
Pendulum Governor — A governing device in which the speed is 

regulated by the swing of a pendulum instead of by centrifugal 

force. 
Phases — See Cyclic Phases. 
Pick Blade — The small blade or pick of metal which lifts the valve 

in a pick-blade governor. 
Pick-blade Governor — A governor that regulates the speed of a motor 

by means of a blade or pick which lifts or misses the valve stem 

under excessive speeds. 
Pillow Block — A block or stand supporting a bearing or journal. 
Pinion — A small cog-wheel. Properly a wheel with pins or posts 

in place of cogs. 
Piston — A sliding object within a cylinder; a plunger. 
Piston Pin — The pin which holds the connecting rod to a piston. 
Piston Ring — Metal rings ftUcd loosely around grooves in a piston 
yvhich by spring of the meta\ ioivw ai ^;5lV\!v^\. \oint with the 
^-'if'ndcr walls. 
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Pitman — ^The same as Connecting Rod. 

Pitting — Wearing away or corroding of metal in the form of small 

holes or indentations. 
Planimeter — An instrument for determining the area of indicator 

diagrams. 
Plug — In motor parlance, the Spark Plug. 
Plunger — A piston. Any object working or sliding within a cavity 

made to fit its surface. 
Plunger Pump — A pump operated by means of a plunger or piston. 
Port — ^An opening through which gas is admitted to the cylinder or 

base of a motor. 
Pre-ignition — The igniting or exploding of a charge of gas before the 

proper time. 
Primary Coil — A coil for producing low-tension electricity but not 

induced current. 
Primary Winding — ^The first winding on a spark coil conveying the 

primary or low-tension current. 
Primary Wire — The wire used to convey the primary or low-tension 

electrical current. 
Priming — Pouring or injecting liquid fuel into a cylinder to start 

the motor. Placing water in a pump to start its operation. 
Priming Cup — A cup for priming, usually a small receptacle 

attached to the cylinder and connected with the interior by a 

valve or cock. 
Prony Brake — ^A device for testing the power of gasolene motors. 
Protractor — An instrument used for determining angles and degrees 

of a circle. 
Puddle Carburetor — A form of carburetor in which the liquid fuel 

is in a pool or puddle instead of in a float chamber, and from the 

surface of which the gas is drawn. 
Pyrometer — An instrument for measuring the temperature of exhaust 

gases. 

Quadrant — Any piece of metal in the shape of a quarter circle; 
usually applied to the curved, notched piece which holds levers in 
position. 

Rack — A notched, or cogged, bar operating on a cog-wheel for 
transmitting rotary motion to reciprocating motion or vice versa. 

Rack and Pinion — The combination of a rack. atvd. a at^all oa^-'vVNftR.V 
or pinion. 

17 



Radialor — A device for giving off, or radiating, heat and through 
which the hot water from the cylinder jacket is passed in ordi 

Ratchet I'flii';— A valve operated by a. ratchet gear instead of 



Ratchet Wheel — A disk or wheel with notches or projections so foi 

(hat it will turn in one direction but not in the other by doga 

luga dropping into the notchea. 
RiUio — The proportion or relation of one thing to another. 
Reducer — An appliance for reducing the size of an opening or ol a 

rod or shaft. 
Reducing Coupling — A coupling amaller at one end than at the other 

for reducing the size of any two pipes or rods which are connected 

by the coupling. 

Reducing Elbow— Aa elbow with one opening smaller than the othefv| 
Relief Cock — A cock or valve placed in the cylinder to relieve 

pressure ot compression. 
Ribbon Vibrator — A vibrator made with a slender or thin piece 

metal to which the contact point is attached. 
Ring Otier—h device in the form of a ring which is attached li 

crank shaft and serves to distribute the oil in the crank ca 

the bearings and connecting rod. 
Ring V(Ulx — A valve in the form of a ring or cylindrical sectii 
Rotary Valtie — A cylindrical or conical valve which rotates o 

volvea on its seat instead of lifting and closing. 
Ruhmkorff Coil — An induction or vibrator coil. 

Scavenging — The cleansing of the cylinder of burnt gases. 
Secondary Coil — An induction coil. 

Secondary Current—The induced current of an induction coil. 
Secondary Wire — -Heavily insulated wire for carrying the secondar 

Self-oiling — Oiling without the aid of mechanical devices. 
5e//-i(ar(»ng^Equipped with a device for starting without t 

or "cranking" the fly-wheel. 
Set-screiB — A screw of hardened steel or other metal used to 

shaft or other object in place. 
Shaft — Any revolving rod for transmitting power or motion. 
£ Bea rins — The bearing through which a shaft passes, 
coupling lor lastetvwui Vmd tndi of s 
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Shaft Hanger — ^A bearing for shafting attached to a frame or post 

for fastening to a wall, floor, or ceiling. 
Shims — ^Thin pieces of metal placed between joints to keep the two 

parts separated. 
Short Circuit — ^The passage of electricity from one point to another 

without passing through the conductors provided. The escape 

of electricity through faulty insulation. 
Sight Feed — ^A device by which the flow of oil or other lubricant 

may be seen in exactly the amount and condition in which it is 

fed to the parts to be lubricated. 
Silencer — A device for silencing the noise of the exhaust. 
Sonoscope — An instrument for determining the location of vibration 

or "pound" in a motor. 
Spark Break — The interruption or breaking of an electrical circuit 

to produce a spark. 
Spark Coil — ^A coil of either the primary or induction type which 

intensifies the electrical current and produces a hotter and larger 

spark. 
Spark Plug — ^A plug fitted into the cylinder and insulated therefrom 

and provided with electrodes or terminals which produce the 

spark. 
Sparking Points — ^The two terminal points or electrodes from which 

the spark is produced. 
Spindle — A round rod or bar. The tapered or reduced end of a 

shaft. 
Sprocket — A wheel provided with teeth which fit into the links of a 

chain for transmitting power or motion. 
Sprocket Chain — ^The chain used on a sprocket wheel. 
Spur Gear — A form of cog-wheel or gear-wheel in which the teeth 

are sharp or pointed. 
Street Elbow — A pipe elbow in which one end is male- and the other 

female-threaded. 

■ 

Stud — ^A piece of projecting metal to which a nut may be attached ; 

a lug. 
Sttid Bolt — ^A bolt threaded at each end so that it may be screwed 

into a threaded hole and a nut screwed onto the projecting 

portion. 
Stuffing Box — ^A box or casing through which a shaft passes and which 

may be packed to prevent leakage around the shaft. 
Suction Stroke — The stroke of the piston which dra^s tVve. cK^t^ <5ki 

gas into the cylinder or crank case. 



260 GASOLENE ENGINES 

Switch — ^A device by which the electrical current may be turned on 
or off. 

Tachometer — An instrument for measuring the number of revolutions 
of a wheel or other object. 

Tap — A tool for cutting female threads in nuts, holes, etc. 

Taper Pin — A round, tapered pin used to hold two parts of machin- 
ery together; especially for fastening a shaft to a wheelor gear. 

Templet — A pattern or guide for duplicating parts. 

Terminal — The end of a wire or electrical connection. 

Thermal — Relating to heat. 

Thermal Efficiency — The proportion of heat utilized by the engine as 
indicated by the power developed as compared with the total heat 
contained in the fuel used. 

Thermal Units — The quantity of heat required to raise one pound of 
pure water from 32 degrees to 33 degrees Fahr. 

Thread — A spiral groove cut in a screw, or in a hole, into which a 
screw is fitted. 

Throttle — Any device for regulating the speed of a motor by increas- 
ing or decreasing the amount of gas entering the combustion 
chamber. 

Thrust — The forward tendency or push of a shaft when operating 
under a load. 

Thrust Bearing — The bearing designed to Overcome the friction of 
the thrust. 

Timer — A device for interrupting and connecting the electrical 
circuit at certain intervals in order to produce a spark at the 
correct time. 

Timing — So regulating the timer, or the valves of a motor, as to 
operate at the proper time to develop the best results. 

Torque — A twisting or turning force. 

Two-cycle — A form of motor in which an explosion or impulse occurs 
on every upward stroke of the piston or on every complete revolu- 
tion of the crank shaft. 

Union — A device for connecting two pieces of pipe so that they may 
be connected or disconnected without disturbing the rest of the 
pipe. 

yia/ve — A device for opening or c\osvtv% a p^^^sa^e. 
Va/ve Box — The casing in whicVi a vaWe mov^?.. 
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Valve Cam — ^A cam which operates a valve. 

Valve Chamber — The chamber within which the valve is placed. 

Valve Foot — ^The lower portion of a valve upon which push-rods or 

cams operate. 
Valve Gear — Gears for operating the valves. 
Valve Port — The opening through, or beneath, a valve which is 

opened or closed by the action of the valve. 
Valve Rod — ^A rod for operating a valve. 
Valve Seat — ^The portion of the valve box upon which the valve rests 

when closed. In a rotary or slide valve the portion around the 

valve against which it bears. 
Valve Stem — ^The spindle or shaft that connects the valve with its 

foot or handle. 
Vaporizer — A device for vaporizing or transforming liquid fuel to a 

gaseous state by mixing it with air. 
Vibrator — The part of an induction coil which automatically opens 

and closes the circuit of electricity through the coil. 
Volt — ^A unit of measurement of electricity denoting the force 

of current. Analogous to pressure. 
Voltage — ^The amount of volts produced by a battery or generator 

and which will flow from it when a circuit is completed. 
Voltmeter — ^An instrument for measuring voltage. 
V-motor — ^A form of gas engine in which the cylinders are placed at 

angles with one another or in "V-shape." 
V- thread — ^A screw thread in which the grooves are angular with 

sharp or "V-shaped" angles. 

Waste Nut — ^A flange or plate for fastening pipes to a floor or wall. 
Water-jacket — ^The casing outside of a cylinder and which contains 

the circulating water. 
Web — ^The thin portion of a wheel connecting the hub with the rim. 
Whitworth Thread — A particular form of screw-thread differing from 

the ordinary threads in the shape of the grooves. The standard 

British thread. 
Wipe Break — A form of make-and-break spark in which the spark 

is produced by one electrode rubbing or passing over the other. 
Wipe Spark — A spark produced by a wipe break. 
Wire Drawing — ^The pull or resistance caused by overcoming friction 

or pressure against moving gas, or in overcoming the resistance 

to a spring. 
Woodruff Key — ^A form of key which is straV^Vvt oti otva i\^^\i>ax 
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semicircular on the other. Used as a key to hold wheels or gears 

on a shaft where the end of the key cannot project. 
Worm Cam — ^A cam provided with a "worm" or spiral groove or 

projection. 
Worm Gear — A gear which is grooved in a spiral or "screw" manner 

instead of being provided with cogs. 
Worm and Segment — A form of gearing composed of a worm gear 

and a sector of a cog-wheel or pinion. 
Wrist Pin — The pin which holds the connecting rod to the crosshead. 



APPENDIX 



Heat Value of Fuels. 



(The following table is given on good authority but will be found 
to vary considerably from many other tables.) 



Fuel 



Hydrogen at 32° F 

Carbon 

Carbon monoxide (CO.) 

Pennsylvania heavy crude oil 

Caucasian crude oil (heavy) 

Caucasian crude oil (light) 

Petroleum refuse 

Anthracite gas 

28-candle-power illuminating-gas 

19-candle-power illuminating-gas 

15-candle-power illuminating-gas 

New York City water gas (60° F. at 30 lbs. 

pressure, 

London coal-gas 

Benzine (CqHq) 

Gasolene and its vapor 

Ethylene (C2H4) 

Marsh-gas (CH4) 

Natural Gas, Leechburg, Pa 

Natural Gas, Pittsburg, Pa 

Acetylene (C^H J 

Semi-water gas 

Producer-gas 



Br. Th. Units Br. Th. Units 


per lb. 


per cu. ft. 


62,030 


348 


I4»500 


• • • 


4,396 


539 


20,736 




20,138 




22,027 




19,832 




3,484 






950 




800 




620 




710.5 Ave. 




668 


18,448 


• • • 


21,900 


690 


21,430 


1,677 


23,594 


1,051 




1,051 




892 


21,492 


868 




185 




150 



26a 
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Wrought Iron and Steel Pipe. 
Table of Standard Sizes and Dimensions 



Nom. 
inside 
diam. 
inches 


Threads 
per 
inch 


Actual 
Inside 
Diam. 
inches 


Auctal 

Outside Thi 
Diam. It 
inches 


ckness 
iches 


Nom. 
weight 
per foot 
pounds 


Internal 

area 

Sq. inches 


H 


l8 


.36 


•54 


08 


•42 


.10 


H 


l8 


.49 


•67 


09 


.56 


•19 


Vt 


14 


.62 


.84 


.10 


.84 


•30 


% 


H 


.82 


I 05 


.11 


1. 12 


.53 


I 


II J^ 


1 .04 


1.31 


13 


1.67 


.86 


IK 


II Ji 


1.38 


1.66 


14 


2.24 


1.49 


IK 


II y2 


1. 61 


1-9 


14 


2.68 


2.03 


2 


II J^ 


2.06 


2.37 


15 


3 61 


3-35 


2J4 


8 


2.46 


2.87 


20 


3-74 


4.78 


3 


8 


3 06 


3-5 


21 


7.54 


7.38 


4 


8 


4.02 


4 5 


23 


10.66 


12.73 


5 


8 


5 04 


556 


25 


14 50 


19.99 


5 


8 


6.06 


6.625 


28 


18.76 


28.88 



Dimensions of Drills for Standard V-Thread Holes. 



Diam of 
Screw 


Threads 
Per Inch 


Diam. of 

Bottom 

of Thread 


Nearest 

Drill for 

Full Thread 


Correct 

Size Tap 

Drill 


.M 


20 


.163 


41 


A 


A 


18 




.216 


A 


H 


Yi 


16 




.267 


H 


A 


A 


14 




•314 


A 


e 


Yi 


12 




•356 


M 


M 


Ys 


II 




468 


Ji 


M 


H 


10 




577 


il 


« 


Y» 


9 




683 


\i 


M 


I 


8 




784 


M 


u 


'? / 


7 




878 


Vs 


I A 


7 


I 


.003 


\ ^ 


i I A 
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Capacity of Cylindrical Tanks. 



Dimensions 
Inches 


Capacity in Gals. 


Dimensions 
Inches 


Capacity in Gals. 


9X20 


5 gallons 


18X30 


32 gallons 


10X20 


8 " 


18X40 


40 " 


12X20 


10 " 


18X42 


45 " 


12X24 


12 " 


18X48 


50 " 


12X30 


15 " 


20X40 


50 " 


14X30 


20 " 


20X48 


65 " 


14X36 


24 " 


20X60 


80 " 


16X30 


26 " 


22X50 


80 " 


16X36 


32 " 


22X60 


100 " 



Table of Cap-Screw Sizes. 





Threads 
Per in. 


Hexagon Head 


Square Head 


PhiUster 
Head 
Diam. 


Round 

Head 

Diam. 


Diam. 


Short 
Diam. 


Long 
Diam. 


Short 
Diam. 


Long 
Diam. 


M 


20 


ft 


Yt 


ft 


Vs 


H 


ft 


A 


18 


Vi 


Vi 


^ 


a 


■ ft 


ft 


H 


16 


ft 


H 


ft 


a 


ft 


H 


A 


14 


% 


M 


y% 


e 


H 


H 


H 


12 


Va, 


M 


H 


ift 


H 


« 


ft 


12 


^ 


i* 


\i 


I* 


a 


« 


H 


II 


y% 


I 


% 


iji 


Vs 


I 


% 


10 


I 


I* 


I 


Ift 


I 


iM 


% 


9 


iH 


i§i 


iVi 


m 


IM 


• • • 


I 


8 


iM 


ift 


iH 


itt 


IM 


• • • 
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U. S. Standard Screw Threads 
(Angle of threads 60®. Flat at top and bottom for 1/8 of pitch.) 



Diam. Screw 


Threads 
Per In. 


Diam at Root 
of Thread 


H 


30 


.185 


A 


18 


.240 


Vb 


16 


.294 


A 


14 


.344 


H 


13 


.400 


A 


12 


.454 


H 


II 


.507 


H 


10 


.620 


Vs 


9 


.731 


I 


8 


.837 


I H 


7 


.940 


I H 


7 


1.065 


I Vs 


6 


1. 160 


I H 


6 


1.284 


I H 


5 H 


1.389 


I H 


5 


1. 491 


I Vs 


5 


1. 616 


2 


4 H 


1. 712 


2 H 


4^ 


1.962 


2 Vi 


4 


2.176 


2 % 


4 


2.426 


3 


3 J^ 


2.629 



Nut and bolt head sizes are 
determined by the following 
rules, which apply to both 
square and hex. nuts. 

Short diam. of rough nut = 
I yi X diam. of bolt -f J^ in. 
Short diam. of finished nut = 
I H X diam. of bolt + M in. 
Thickness of rough nut = diam. 
of bolt. Thickness of finished 
nut = diam. of bolt — J^ in. 
Long diam. of hex. nut = short 
diam X i-i55. Long diafn. of 
square nut = short diam. X 
1. 414. 
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To Find Surface and Volume. 

Area of Rectangle = length X breadth. Area of Triangle = base X 

1/2 height. 
Diameter of Circle = radius X 2. Circumference of circle = diam. X 

3.1416. 
Area of Circle = square of diameter X .7854. 
Area of Sector of Circle = area of circle X degrees in arc -5-^60. 
Area of Surf ace of Cylinder = circumference X length, plus area of 

both ends. 
Volume of Cylinder = Area of section in sq. inches X length in 

inches and divide by 1728 to find cubic ft. 
Diam, of Circle with given Area. Divide area by .7854 and extract 

square root. 
Surface of Sphere = square of diam. X 3. 141 6. 
Volume of Sphere = cube of diam. X .5236. 
Side of Inscribed Cube = radius of sphere X 1.1547. 
Volume of Cone or Pyramid either Round, Square, or Triangular « 

area of base X M its height. 
A Gallon of Water = 231 cubic inches and weighs SM lbs. (U. S. 

Standard). 



INDEX 



LERATOR, 36 

ssibility, 95 

ssories, 98 

stments, 206 

sting, 205 

sting screw, 136 

ooled motors, 75, 82, 107 

itake. Automatic, 36 

*ort, 43 

iment, 187 

unt of Oil, 182 

ere, 125 

•freezing Mixtures, 229, 230 

iture, 126 

stos, 204 

matic air-intake, 36 

matic Valves, 57 

liary exhausts, 163 

B 

lNced Motors, 70, 72 
nces. Counter-, 91 
and Socket Terminals, 202 
Race, 223 
ings, 92 

ings, Tightening, 212 
, 182 

, Concrete, 183, 184 
in boats, 186 
Crank, 57 
J, 229 



Boats, Beds in, 186 
Boats, Intake in, 190, 191 
Bolts, Tightening, 219 
Brake horse-power, 30 
Breech-block Plugs, 86 
Brushes, 127 
Buffalo lubrication, 120 
Buffalo oil-rings, 120, 123 
Bull Dog Connectors, 201 
Bypass, 32, 39, 43 



Cadillac Mixing Valve, 105 
"Caille Perfection** Ignition,i4i 
Cams, 21, 57, 58, 94 
Carburetors, 99, 107 
Carburetors, Float-feed, 99, 100 
Carburetors, Kingston, 104 
Carburetors, Krice, 104 
Carburetors, Schebler, 100, 102 
Cases, Crank, 85, 87 
Cells, 126 

Cements, 189, 216, 217 
Chambers, Exi)ansion, 163, 164 
Check- valves, 109 
Circulation, Water, 113 
Coils, Connecticut-plug, 141 
Coils, Jump-spark, 136, 137 
Coils, Non- vibrating, 137 
Coils, Primary, 126 
Coils, Secondary, 126 
Comet Ma^tvfeXo, \'>fi 
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INDEX 



Jump-spark, 82, 124 
Jump -spark Coil, 136 137 

K 

Kerosene fuel, 179 
Kingston Carburetor, 104 
Knight Motor, 61, 63 
Krice Carburetor, 103 



Leaks, 192, 215, 216 
L-Head Motor, 59 
Lifter, Valve, 220 
Limit Gauges, 83 
Lock Nuts, 213 
Low-tension Magnetos, 129 
Lubrication, 114, 121 
Lubrication, Buffalo, 120 
Lubrication, Ferro, 120 
Lubricators, Detroit, 115 
Lubricators, Force-feed, 114 
Lubricators, Gravity, 114, 115 
Lubricators, Osgood, 116 

M 

• 

Magnets, 126, 129 
Magnetic Field, 126 
Magnetos, 126 
Magnetos, Comet, 130 
Magnetos, Eiseman, 130 
Magnetos, Eureka, 130 
Magnetos, Henricks, 130, 131 
Magnetos, High-tension, 129 
Magnetos, Holly, 130 
Magnetos, Low-tension, 129 
Magnetos, Remy, 130 
Magnetos, Splitdorf, 130 
Make and Break Igniters, 156, 
161 
Make and Break System, 82, 12^ 



Mechanical Efficiency, 29 
Mechanical Mixers, 99 
Mechanically-operated Valves, 

57 
Mechanism, Valve, 55 

Mixers, Mechanical, 99 

Mixing- Valves, Cadillac, 105 

Mixture, Anti-freezing, 229, 230 

Morgan Priming Cup, 223, 224 

Motors, Air-cooled, 75, 82, 107 

Motors, Balanced, 70, 72 

Motors, Elmore, 45 

Motors, Explosive, 15 

Motors, Ferro, 70 

Motors, Four-cycle, 21, 54 

Motors, Four-port, 32 

Motors, Four-stroke, 21, 25 

Motors, Grasser, 36 

Motors, Gray, 32 

Motors, Installation of, 182-195 

Motors, Knight, 61 , 63 

Motors, L-head, 59 

Motors, Open-base, 41 

Motors, Opposed-cylinder, 70, 

71 
Motors, Parts of, 75 

Motors, Reynolds, 64-68 

Motors, Rotary-valve, 64-70 

Motors, Russell, 69 

Motors, Silent-valve, 69 

Motors, Six-cycle, 15 

Motors, Sleeve- valve, 61-63 

Motors, T-head, 59 

Motors, Two-cycle, 15, 32 

Motors, Two-port, 32 

Motors, Two-stroke, 15, 32 

Motors, Two-three-port, 32, 33 

Mufflers, 162 

Mufflers, Ejector, 170-172 

"MVw^^t^, Y^wkee, 1 70-1 71 



Multiple-feed Oilers, I14, II5 
Mushroom valves, 55 



Non-vibrating Coils, 137 
Nuts, Lock, 313 



Offset Cranks, 69, 70 
Offset Cylinders, 69, 70 



Ohm 



125 



Oils, 

Oil, Amount of, 183 
Oilers, 114, 115 
Oilers, Force-feed, 1 15 
Oilers, Gravity, 114, 115 
Oilers, Multiple-feed, 114, 115 
Oil Rings, 120, 123 
Oil-Rings, Buffalo, 120, 123 
Open-base Motors, 41 
Opposed-cylinder Motors, 70, 71 
Orswell System, 140 
0^;ood Lubricators, 116 



Packing (pump), 205 
Packing, Stufiing-box, 205 
Parts of Motors, 75 
Perfex System, 140 
Petticoat Plugs, 143 
Pins, Piston, 84 
Pipe, Exhaust, 185 
Pipe, Gasolene, 191, 193 
Pistons, 15,21, 83 
Piston-pins, 84 
Piston-rings, 84 
Piston-rings, Removing, 224, 
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Plate, Compression, 41 
Plates, Side, 87 
Plugs, 83, 88 
Plugs, Breech-block, 86 
Plug-coils, 141 
Plugs, Conical, 143 
Plugs, Edison, 146, 148 
Plugs, E-Z, 146, 47 
Plugs, Ignition, 88, 148 
Plugs, Magneto, 146, 148 
Plugs, Petticoat, 143 
Plugs, Rajah, 145, 146 
Plugs, Reliance, 143, 144 
Plugs, Spark, 143, 148 
Plugs, Standard, 143 
Plunger Pump, 109 
Points, Contact, 136 
Poles, 126 
Polishes, 227 
Poppett Valves, 55 
Ports, 16 
Ports, Air, 43 
Ports, Fourth, 36 
Ports, Third, 36 
Ports, Transfer, 36 
Ports, Two, 32, 33 
Powell Engine, 41 
Power, Horse-, 30 
Preface, 5 
Primary Coil, 126 
Primary Winding, 136 
Primary Wire, 198 
Priming Cups, 323, 324 
Pumps, 109 
Pumps, Gas, 47 
Pumps, Gear, III 
Pumps, Packing, 205 
Pumps, Plunger, 109 
Pumps, Rotary, 1 10 
Push-rods, 57, 59 
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Race, Ball, 223 
Radiators, 8z. 108 
Rajah PtugH, 145, 146 
Reid Exhaust, 166, 167 
Reliance Plugs, 143, 144 
Reliance Terminals, 302 
Removing Piston-rings, 224, 225 
Remy Magnetos, 130 
Reynolds Motora, 64-68 
Ribbon Vibrators, 138 
Rings. Oil, 1 30, 123 
Rings, Piston, S4 
Rods, Connecting, 45, 85 
Rods, Push, 57, 59 
Rotary Distributor, 49 
Rotary Pumps, no 
Rotary Valves, 48, 49 
Rotary-valve Motors, 64-70 
Russell Motors, 69 



SCRBBLER CaRBLTSETOK, IO 

Screw. Adjusting, 136 
Secondary Coi!. 126 
Secondary Winding, 136 
Secondary Wire, 198 
Shafts, Crank, 19, 90 
Shims, 225 
Shunt, 126 
Side Plates, 87 
Silent-valve Motors, 69 
Silencers, 162 

Silencers, Hydrex, 171, 173 
Silencers, Thermcx, 173, 174 
Six-cycle Motors, 15 
Sleeve- valve Motors, 61-63 
Smalley Engines, 39 



Smoke, 18a 
Soldering, 198 
Solocoil. 141 
Spark, Jump, 82, 124 
Spark Plugs, 142-148 
Sparking Points. 139 
Splitdorf Magneto, 130 
Spur Gear, 56 
Staples, 196 
Stem, Valve, 55 
Stroke, Firing, 16, ai 
Stroke, Four, 21, 25 
Stroke, Idle, 26 
Stroke, Two, 15. 32 
Stuffing-box Packing, 205 



Tables, 263 

Table of Troubles, 231-245 
Tanks, Gasolene, 193 
Temperature of Cylinders, 179 
Terminals, 201, 202 
Terminals, Ball and Socket, 202 
Terminals, Connecticut, 203 
Terminals. Reliance, 202 
Terms, Glossary of, 246-^262 
T-head Motors, 59 
Thermex SiJcncers, 173, 174 
Third Port, 36 
Three-cylinder Motors, 51 
Three-port Motors, 32. 33 
Three-way Valve, 191 
Throttle Governors. 176 
Throttle Valves, 43 
Tightening Bearings, Z12 
Tightening bolts, 219 
Timers, 136-147 
Timers, Simple, 148 
Timers, Tuttle, 150-152 
Tools, 20B-212 
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Tools, Grinding, 221 
Tools, Valve-lifting, 220 
Transfer Ports, 36 
Troubles, Table of, 231, 245 
Tuttle Timers, 150, 152 
Two-cycle Motors, 15, 16, 25, 

Two-port Motors, 32, 33 
Two-stroke Motors, 15, 32 
Two-three-port Motors, 36 

U 

Underwater Exhaust, 165, 

166 
Unions, Flanged, 182 
Unions, Flexible, 187 



Valves, 21, 94 
Valves, Automatic, 57 
Valves, Check, 109 
Valves, Detroit, 191 
Valve Gear, 56 
Valve Grinding, 219, 222 
Valve Grinding tools, 221 
Valve-in-head Motors, 59 
Valves, Intake, 22, 23, 57, 58 
Valve Lifters, 220 
Valve Mechanism, 55 
Valves, Mechanically-operated, 
57 



Valve, Mixing, 105 
Valves, Mushroom, 55 
Valves, Poppett, 55 
Valves, Rotary, 48, 49, 68, 70 
Valves, Silent, 69 
Valve Stem, 55 
Valves, Three-way, 191 
Valves, Throttle, 43 
Vaporizers, 36, 99 
Vibrators, 136, 138 
Vibrators, Feather, 138 
Vibrators, Hammer, 138 
Vibrators, Ribbon, 138 
Volts, 125 
Voltage, 124 

W 

Water Circulation, Ferro, 

113 
Water Jacket, 88, 89 

Weights, Balance, 92 

Wheels, Fly-, 95 

Wico Igniter, 1 31-136 

Winding, Primary, 136 

Winding, Secondary, 136 

Wire, 195, 196 

Wire, Primary, 198 

Wire, Secondary, 198 

Wiring, 191-202 



Yankee Mufflers, 170, 171 
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AUTOMOBILE 

THE MODERN GASOLINE AUTOMOBILE— ITS DESIGN, CONSTRUCT 
MAINTENANCE AND REPAIR. By Victor W. Page, M. E. 
The latest and most complete treatise on the Gasoline AutoraobllB ever Issued. W 
in simple laiiguBae by a recognined authority, familiar with evary branch of the autOB 
industry. Free Iruin tectmivui tertns. Eier^'thine Is eipl&ineu so simply Ibat any( 
averaee intelUgeDco may gain a comprchcnBive knowledge of the gasoline aulom 
The Informatioo is up-to-date and Includea, In addition to an exposition of prindp 
construction and description of all types of automobiles and their components, va! 
money-saving hints on tbe caro and operation of motor cars propelled by Internal coi 
tiOD engines. Among some of the subjects treated might be mentioned: Torpedo and 
aymiQetrioal body forms designed to reduce air resistance; sleeve valve, rotary valv 

-" — if silent motors; inureasing tendency to favor worm-gear power-transmi 

-' .— T^.-_ development of automobile electrlo-li| 

'"ii""f'"" if practical self-atarters; long i 
. _.!„-. -■-- 'OS for 

, B careful study of the pages of this book one can gain practical Icnowledge of auton 

UBtrucHon that will save time, money and worry. The book lella you just what to dc 

-* — ' — to do It. Nothing has been omltt«d, no detail has been BUgQted. Kvery p 

loblle, Its equipment, accessories, tools, supplies, spare parts necessary, etc. 




themodernOi 

Nearly BOO SxK pages- ,.__„ 

— " iny full usee and double page plates, showing au parm i 

ae large folding plates. Price I 

BALLOONS AND FLYING MACHDTES 

pODEL BALLOOHS AND FLYING MACHIME3. WITH A SHORT ACCOUH' 
i PROGRESS OF AVIATION. By J. H. Ai,exandeh, 
hook has betn wriuen wiili a view to assist thoflp wlio tle^^lre to 
MrBying maehioe. It contains Eve folding plates of 

K^Serent lized machine. ■'--'• ■ ■ - — 

^^ R^lng of these modeli 



. ._ aTialion Is Included, which will render the boolc of g 
of fuU sized alrstiip and flyinE machines of Ihe latest lyp 



IS practical work gives data, working di 



BEAZING AND SOLDERING 

[HG AND SOLDERING. By Jambs F. Hobart, 

« only book that ^}iows you just how to handle any job o! brazing or soldering thai < 

"-'IH you what miittire to use, bow to make a furnace if you need one. F 

Inks. The fifth edition of this book has Just been published, and to 11 

. „._.„Jr and a largo number of tested formulas for all kinds of solders and fluxes 

D added. Ulustraced 35 

CHARTS 

""modern submarine chart— with ai 

A croBs-aectlon view, showing clearly and dlatln.. . .. 

latest type. You get more Information from this i^art. about tl.. _ 

Won of a Sobmaritie, than in any other way. No details omitted — everything Is ace 
end to scale. It is absolutely correct hi every detail, having been approved by I 
Engineers. All ihenjflchJnery and devices ftWedl!ianiQaora?.\iaifflKeifi6^«o.^.™'5*i^ 
to make Clie engraving more readily understood B,ft tbe teB.Wiwfi Me *isiwa]wv ay^ 
wUH omce^ andfl/m to the apt of pBrtorinmK Van duUps "■i^fo^^^'^S^^^ 
dsclons. Tha CHAHT IS REALLY AN tNCiCLOP'E.OVS. O^ h. WW^*^ 
la edacatiooaJ and worth many times Its coal. Maile4toi»''^'^^*»**'^ 
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BOX CAR CHART. 

A chart showing ihe anaiomy o[ a box car, bavlne every part o! the ear numbered and it 
proper name given in a reference list 30 eeab 

GONDOLA CAR CHART. 

A chart showing the analom; of a Eondola car, having every pan of the car numbeied inc 
Its proper referedco nftme given in a reference list SO oenti 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenger car. having every part of the car numbered and 
its proper came given in a retereoce list SO ecnti 

WESTIKGHOUSE AIR-BRAKE CHARTS. 

Chart 1.- — Shows (in coloti;) the most modem Westlnghouse High Speed and Signal Equip' 
meat used on Passenger EnRines. Passenger Engine Tenders, anil Passenger Cars. Cbarl 
II.— Shows (in colors) the Standard Westlnghouse Equipment for Freight and Switch En- 
gines. Freight and Switch Engine Tenders, and Freight Cars. Price for the set . SO oenfi 

TRACTIVE POWER CHART. 

A chart wherehy you can find the tractive power or drawbar pull of any locomotive, wltboui 

atTect (he power. What slz^ engine you need to' exeit a given drawbar piiu or anythlni 
you desire In this line QO ceiiu 

HORSE POWER CHART. 

shows the horse power of any stationary engine without calculation. No matter what Ibe 

densing or uon-condenslne. It's all there. Easy to use, accurate, and saves time and calcu- 
lations, EspcciaUy useful to engineers and designers SO oeott 

BOILER ROOM CEAKT. By Geo. L, Fowlba. 

A Chart — size 14n28 inches — showing in isometric perapective the mechanisms belongini 
In a modern boiler loom. Water tube boilers, ordinary grates and mechanical stokers. leed 
water heaters ood pnmps comprise the equipment. The various parts are shown broken or 
removed, so that the internal conslnjclion is fuliy illustrated. Each part Is given a reference 
number, and these, with the corresponding name, are given in a glossary printed at the sidei. 
This chart is really a dictionary oJ the hoilpr room— the names of more than ZOO parts being 
given. It la educational — worth many tiinea Its cost SB centi 

CIVIL ENGINEEBING 

HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 
TRADES. Edited by Joseph G. Horner, A, M. I. E. M. 

This set of ilve volumes contains about 2,500 pages with thousands of illustial Ions, including 
diagrammatic and sectional drawings with lull eNplanatory details. This work covers the 

entire practice of Civil and Mechanical Engineering. The best known experts In all brancha 
of engineering have contributed to these volumes. The Cyclopedia is admirably well adapled 
to the needs of the beginner and the aelf-taught practical man, as well as the meehanlcalMi- 
gineer, designer, draftsman, shop superintendent, lorenmn, and machinist. The work will be 
found a means of advancement to any progressive man. It Is encyclopedic In scope, thorough 
and practical in Its treatment of technical subjects, simple and clear in Its descriptive matus. 
and without unnecessary technlcalitlea or formulae. The articles are as brief as may be and 

Jet give a reasonably clear and explicit statement of the subject, and are written by men who 
ave had ample practical experience In the matters of which they write. It tells you all you 
want to know about engineering and tells it so simply, so clearly, so concisely, that one caiuiM 
help but understand. As a work of reference It Is without a peer. SO.OO per single volutM. 
For complete set of Gve volumes, price tSB.OO 

COKE 

COKE— MODERN COKIHG PRACTICE; INCLUDING THE ANALYSIS OF 
JMATERIALS AND PRODUCTS. By T. H, Byrom and J. E. Christopher, 
I handbook tor those engaged In Coke manufacture and the recovery of By-products. FlillJ 
'UBlrated with folding plates. It has been the a.lm of the authors, in preparing lids bool, 
prodacB one which shall be of use and beneSt t,D ^toau -^^m are associated with, or Inter 
w in, the modem developments of the induaws. OoawaiA-. \. \w.w]HinMj]rr. II. Geo- 
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A Classification of Fuels. III. Coal Washing. IV. The Sampling and Valuation of Coal, 
ke, etc. V. The Calorific Power of Coal and Coke. VI. Coke Ovens. VII. Coke Ovens, 
[itinued. ' VIII. Coke Ovens, continued. IX. Charging and Discharging of Coke Ovens, 
Coolink and Condensing Plant. XI. Gas Exhausters. XII. Composition and Analysis 
Ammoniacal Liquor. XIII. Working-up of Ammoniacal Liquor. XIV. Treatment of 
aste Gases from Sulphate Plants. XV. Valuation of Ammonium Sulphate. XVI. Direct 
soovery of Ammonia from Coke Oven Gases. XVII. Surplus Gas from Coke Oven. Use- 
1 Tables. Very fully illustrated. Price $8. 60 net 

COMPRESSED AIR 



OMPRESSED AIR IN ALL ITS APPLICATIONS. By Gardner D. Hiscox. 

Tiig is the most complete book on the subject of Air that has ever been issued, and its thirty- 
ve chapters include about every phase of the subject one can think of. It may be called an 
oin^opedia of compressed air. It is written by an expert, who. in its 665 pages, has dealt 
rlth the subject in a comprehensive manner, no phase of it being omitted. Includes the 
ihysical properties of air ftrom a vacuum to its highest pressure, its thermodynamics, com- 
iression, transmission and uses as a motive power; in the Operation of Stationary and Port- 
able Machinery, in Mining. Air Tools, Air Lifts. Pumping of Water, Acids, and Oils; the 
kir Blast for Cleaning and Painting, the Sand Blast and its Work, and the Numeroiis Appli- 
moes in which Compressed Air is a Most Convenient and Economical Transmitter of Powei 
te Mechanical Work, Railway Propulsion. Refrigeration, and the Various Uses to whicl] 
Zk>inpre8sed Air has been applied. Includes forty-four tables of the physical properties ol 
dr. its compression, expansion, and volumc^s required for various kinds of work, and a list ol 
;>atent8 on compressed air firom 1875 to date. Over 500 illustrations, 5th Edition, revised and 
snlarged. Cloth bound. $6.00. Half Morocco, price $6.60 

CONCRETE 



ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been held as a secret, and 
now, for the first time, this process is given to the public. The book reveals the secret and la 
the only book published which explains a simple, practical method whereby the concrete workei 
Is enabled, by employing wood and metal templates of different designs, to mold or model in 
concrete any Cormce, Archivolt, Column. I^edestal, Base Cap, Urn or Pier in a monolithic 
form — right upon the job. These may be molded in units or blocks, and then built up to suit the 
specifications demanded. This work is fully illustrated, with detailed engravings. Price $2.00 

CONCRETE FROM SAND MOLDS. By A. A. Houghton. 

A Practical Work treating on a process which has heretofore been held as a trade secret by 
the few who possessed it, and which will successfully mold every and any class of ornamental 
concrete work. The process of molding concrete with sand molds is of the utmost practical 
value, possessing the manifold advantages of a low cost of molds, the ease and rapidity ol 
operation, perfect details to all ornamental designs, density, and increased strengtn of the 
concrete, perfect curing of the work without attention and the easy removal of the molds re- 
gardless of any undercutting the design may have. 192 pages. Fully illustrated. Price $2.00 

CONCRETE WALL FORMS. By A. A. Houghton. 

A new automatic wall clamp is illustrated with working drawings. Other tyi)es of wall 

forms, clamps, separators, etc., are also illustrated and explained 60 centa 

CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

the molds for molding squares, hexagonal and many other styles of mosaic floor and side- 

iralk blocks are fully illustrated and explained 50 centi 

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghton. 
>)mplete working drawings and specifications are given for several styles of concrete siloB, 
urith illustrations of molds for monolitiiic and block silos. The tables, data and informatioD 
jresented in this book are of the utmost value in planning and constructing all forms of concrete 
tiles .... 50 cent! 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By 
A. A. Houghton. 

The manufacture of all types of concrete slate and roof tile is fully treated. Valuable data 
>n all forms of reinforced concrete roofs are contained within its pages. The construction ol 
concrete cbimiteys by block and monolithic systems \s Ivi^'j m>asXT^\ft^ ^s^^ ^^esesae^v^^. ^ 
lumber of ornamental designs of chimney conaliucXvoxi 'wVVu Tfts^<\'& ^-tfe ^^^--^^^ 
bJe treatise. . ...--» ^^ ^ 
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MOLDIHG AHD COHIHG ORHAMEHTAL COHCRETE. By A. A. fforroHTOU. 

Iti.' pnipr prupurtioriK t>f c?Tneiil and ae^ri^Bklos for various flnishis, &lso [be metboda Dl 
^boroughl>' mix me and placing in ilie inold^. are fully treated. An extwusllve (re»tlse on tbii 
B'ibjeCL Ihat every concrete wurker will Bnd of dall; use and value 60 ceou 

COHCRETE MOHOMEKTS, MAUSOLEUMS AMD BURIAL VAULTS. By A. A. 

Hot;oiiTos. 

The inoldinE of concrete manumants to imitate the must expensive cut stone Is explained in 
this treatise, with working drdwinge ot easily built molds. Cutting Infcriptions and desuni 
la also fully treated 50 ™n;s 

MOLDING CONCRETE BATH TUBS, AQUARIUMS AND NATATORIUMS. 

By A. A. HoiJGHTON. 

Simple molds and instruction are given for molding many styles of concrete bath tub<, 
swuniniuK pools, elc. Tbeso molds are easily built aud permit rapid and succeiiUul 
work SOctau 

COHCRETE BRIDGES, CULVERTS AHD SEWERS. By A. A. Houghton. 

A number of ornamental CO ncretB bridges with Illustrations of molds are given. A collapalbit 
cxntet or core for bridges, culverts and sewers is (ully illustrated with detailed loatruciions [or 
biilldlnt 60 «n>ta 

COHSTRUCTING CONCRETE PORCHES. By A. A. HouaHTON. 

A number of designs v.'jtti working drawings of molds are fully explained so any one can easily 
consirucl dlHereni styles of ornamental concrete porches without the purcliase of emensive 

MOLDING CONCRETE FLOWER POTS, BOXES, JARDINIERES, ETC. By 

A. A. Houghton, 

The molds for producing many original designs ot flower pots, urns, Sower boxes, Jardlnitres, 
etc., are fully illustrated and explained, so the woiker can easily construct and operate 
same SO ij™ii 

MOLDING COHCRETE FOUHTAIHS AND LAWN ORNAMENTS. Bj 

A. A. HouoHi'ON. 

Tbe molding of a □umber of designs of lawn seats,' curbing, bitchini posts, pergolas, sun dlili 
ind otucr forms of ocnamentsi concrete for ihje ornameDtatioa of lawns and gardens, u 
fully illustrated aad described SO Mnit 

COHCRETE FOR THE FARM AHD SHOP. By A. A. HonoffroN. 

The molilina of drab) tile, tanks, cisterns, fence posts, stable floors, hoe and poultry hoiuei 
and all the purposes for which concrete is an mvaluable aid lu tbe farmer are numbered 
amoni tbe conteuts of tblB liandy volume &0 WBU 

POPULAR HANDBOOK FOR CEMEHT AND COHCRETE USERS. By Mteon 

H. J.HWIS. 

This Is a concise treatise of tbe principles and methods employed in the manuracture and me 
of comeat in all classes of modern works. The author has brought together in this work all 
tba BBlfent matter of interest to tbe user of concrete and Its many dlversided products. Thi 
matter is presented in logical and systetnatlc order, clearly written, fully illustrated and trn 
from involved mathematics. B verytlilng of value to the concrete user la given Including kind) 
of cement employnd in construction, concrete architecture, inspection and testing, wale^ 

firooflnii. coloring and pElutlng, rulos, tables, working, and cost data. Tbe book comiirlMi 
blrty-three cbapt^tB, as follows: 

Infrroductory. Kinds of Oemcnts and Bow They are Made. Properties. Tesdng and 
Retiuirements of Hydraulic Cement. Concrcto and its Properties. Sand, Broken Stone and 
tiravol for Concrete. How to Proportion the Maieriabi. How to Mis and Place Concrete. 
Forms for Concrete ConBtmction, The Architectural and Artistic PosslbUitlos of Concrete. 
Concrete Residences. Mortars, Plastprs and Stucco and How to Use Them. The ArttsllC 
Treatment of Concrete Surfiices. Concrete Building Rlocks, Tbe Maktng of OniiunenUl 
CnncretP. Concrete Pipes. Fences. Posts, Elc. Essential Features and Advantagea of Rem- 
'"nTK/ ConcrvtP. How to Design lleenforcod Concrete Beams, Slabs and ColumnB £»■ 
latiaclons or tbs Methods and Principles Vn DesVgiilu^ Beenforeed Concrete Beams and 
•/w. .^.rateouf a/ iJeenTorcement Employed, BeeiilorcoftCatictwaVii^Braory and General 



_&_ 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



itulldlDg Congtructlon. Concrete In Foundation Wort. Concrete Ketainlng Walls. Abut- 
ments. anJ Biilklieads, Concrele Arches and Arch Bridges. Concrete Heam and Oirder 
Bridges. Concrete in Sewerage and Drainage Works. Concrete Tanks. Dams and Kescr- 
voirs. Concrete didewttUifi. Curbs and Pavements. CoQcrete tn Kailroad Cousiructions. 
The Utility of Concrete on the Farm. The Watarprooflne of Concrete Structure. Grout 
or Liquid Concrete and Its Use, Inspection of Concrete Work. Cost of Concrete Work, 
.Souie of the spcctal features of the book are: 1. The Attention Paid to the Artistic and 
Architectural Side of Concrete Work, 3, The Autborlutlve Treatmp"' "' *>■■» d-«Wo™ 
Of Waterproofing Concrete. 3. An Eicellen- " -' "-- " -■-- 



WATERPROOFING CONCRETE. By Mthon H. Lewih. 

Slodem Methods of Walerproofing Concrete and Other Structures. A condensed statement 
of the Principles. Rules, and Precautions to be Observed in Waterproofing and Damp- 
Iiroofiug Structures and Structural Materials. Paper binding. Illustrated. Price. .60 ccnd 

DICTIONARIES 

STAHDARD ELECTRICAL DICTIOHARY. By T. O'Conob Sloanb. 
An iudispensable work to all interested in electrical science. Suitable alike [or the student 
and ptofesaional. A practical hand-book of reference coataininK deflnliions ot about 5,000 
dlalinct words, terms and phrases. The definitions are terse and eoneis,; and Include every 
lenn used in electrical science. Recenlly issued. An entirely new edition. Should be in 
the possession of all who desire to keep abreast with the progress ol this branch of science. 
Complelo, concise and couTenient, 033 poies. 393 lllusl rations. Price .... S8.00 

DIES— METAL WORK 

DIES: THEIR COKSTRDCTIOK AND USE FOR THE MODERN WORKIKG OF 
SHEET METALS. By J. V. Woodworth. 

A most useful book, and one which should he m the hands of all engaged In the press working 
at metals; treating on the DeslKnitie, Constructiog. and Use of Tools. Fixtures and Devicea, 
loKBther with the manner in which thej should be used in the Power Press, for the cheap and 
tapiil production of the great variety of sheet metal articles now iu use. It la designed aik 
guide to the production of sheet metal ports at the minimum of cost with the maximum of 

output. The hardening and lemperinE of Press toob and the r' • '■ —'•--' ■-- 

— -■ ' -othe best adyantaer •■" "• ' -•■"- ■- "• 

il that aU metal-working mechanics 

<ie Ihem. Man; of the dies and press fixtures treated were 
or or under his supervision. Others were built by skilful 
: sheet metal estabhshmenta and machine shops. Price S8.00 

PUNCHES, DIES AND TOOLS FOR MAHDFACTURING IN PRESSES. By J, V, 

Woodworth. 

This work Is a companion volume to the author's elementary work enlllled "Dies, Th^ 
Construction and Use." It does not go into the details ot die making lo the extent ot the 
luthor'a previous book, hut gives a comprebenshte review of the field ol operatkniB canted oa 
by presses. A large part ol the information given has been drawn from the author's penon^ 
experience. It might well be termed an Encyclopedia of Die Making. Punch Making, Die 
Sinking. Sheet Metal Working, and Making of Special Tools, Sub-pretues. Devices and Mecbanl- 
ittt Comhinalions for Punching, Cutting, Bending, Forming, Piercing, Drawing, Compresalne 
and AS!iembllng i^heet Metal Parts, and also Articles of other Materials In Machhie Tools. 
ad Edition, Price S4.00 



ttlae on Modem Shop Practice, Processes, Methoda, Machines, Tooli, 
1 the Hot and Cold MBChlne-FormineofBteel a( '' .--..- i 
'oois. Dies, and Maeiiinery ii 



» CATALOGUE OF GOOD, PRACTICAL BOOKS ^B 

Forglnga and Interchangeable Hot and Cold Pressed Parts from Bar and 3beet Metal 
Thia book jllla a. drmuid of loog sCandlnE for Information regarding drop forcing, d)e-Ginklil| 
and niacbine forming of steel and the sbop practice Involved, as it actually exlata In thi 
modem drop foiling abop. Tho processes of die-sinking and force-making, vblch are tbor 
nughly deacnbea and lllustratied m this adnUntble nork, are rarel; to be found ezplBioed h 
Bucb a clear and contdae manner aa Is bere set forCb. Tbe process of dlersinkliig rtiatea K 
Che engraving or sinking of tbe female or loner dies, such as are used for drop fDrgioes. boi 
and cold machine forging, Hwedging and the press working of metals, Tbe proceea or force 
making relates to tbe engraving or ralaing of iJie male or upper dies used in pnidudnB thi 
lower dies for the preBs-tormlng and macEune-forging of duplicate parts of metal. 

In addition to the &rts above mentioned the book contains explicit Information regarding 
the drop forging and hardening plants, desigoa, conditions, equipment, drop hanunera, 
forging machjhiea, etc.. machine forging, bydrauilc forelng, autogenous welding and shoj 
TirftptlcB ThB hnok Contains eleven chap ters, and the information contained in these chapter! 
irove most valuable to the forged metal worker. All operations deacribed 

. ... _ _. . .. __ by means of perspective hair-tooea and outlinesketcba 

of the machinery emplojod. 300 detailed III uat rations. Price SS.SO 

DRAWINCr-SEETOHING PAPER 



LIHEAR PERSPECTIVE SELF-TAUGHT. By Herman T, C. Kbadb. 
This work gives tbe theory and practice of Ihiear perspective. B9 used in architectural, snci- 
neerlng. and mechanical drawings. Persons taking up the study of the subject by thamselvei 
will be able by the use of the instruction given to readily grasp the subject, and by resHD- 
able practice become good persoective draftsmen. The arrangement at the book la good; 
the plate is on the left-hand, white the descriptive text followa on the opposite page, ao u to 
be readily referred to. The drawings are on sufficiently large scale to show Ihe work clesil; 
and are plainly figured. The whole work makes a very complete course on perspective draw- 
ing, and will be found of great value to architects, civil ajid mectianical eogmeers. paleat 
attorneys, art deaigners, eneravers,«ad draftsmen tS.60 

PRACTICAL PEKSPECTIVE. By RicHAKDa and Colvin. 

Lwinga in the only practical pen 

examples ol various classes of work. 3cd Edition. 



SELF-TAUGHT HECHAHICAL DRAWING AHD ELEMENTARY MACHUtE 
DESIGN, By F- L. Sylyestbr, M,E., Drattaman, with additions by Erik Obeeo, 
associate editor of "Machinery." 
This Is a practlcaMreatlse on Mechanical Drawing and Machine Design, comprlaliig tbe 

first principles of geometric and mechanical drawing. '--' " "~ ' '— 

strength of m ■' "" —■—■--■ ■ -—■ 

aim has been I — — ».- -— ... — — — , — ^ — . — ... ^^—.^ 

draftsman and to present the matter In aa clear and condae a manner as possible. To 
meet the demanda of tbla class of students, practically all tbe important elements of macblne 
iifiBion hnire been dealt with, and In addition algebraic formulaa have beHi explained, and 
ta of trigonometry treated in the manner best suited to the needs of the prac> 

The book la divided into 20 chapters, and In arranging the material, meSian- 

Ical drawing, pure and almple.has l>een taken up Brat, as a thorough understanding of Uu 
principles of representing objects facilitates tbe further study of mechanical subjects. Tfab 



ength of materials. The various dements entering into machine design, such asca 

gears, sprocket wheels, cone pulleys, bolts, screws, couplinga, clutches, Bbartlng and fly- 
wheels have been treated In such a way as to make possible the use of tbe work aa a text- 
book for a continuous course of study. It is easily comprehended and assimilated even by 
students of limited previous training. 330 pages, 215 engravings. Price, . . . $3.00 



— y /fguring or lussing. It is being used for shop details as well as 
s, as It makes one sketch do the work of three, and no workman can he 
■■anted. Pads of 40 sheets, 6 s Inches, 85 cent,*. Pads of 40 sheets, 
■■ ^Osbeeta, 12 ilS, Price 
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ELEOTEIOITY 

THMETIC OF ELECTRICITY. By Prof. T. O'Conob Sloanb. 

actical treatise on electrical calculations of all kinds reduced to a series of rules, all of the 
lest forms, and involving only ordinary arithmetic; each rule illustrated by one or more 
tical problems, with detailed solution of each one. This book is classed amons the most 
il works published on the science of electricity covering as it does the mathematics of 
ricity in a manner that will attract the attention of those who are not familiar with alge* 
al formulas. 20th Edition. 160 pages. Price $1.00 

OCUTATOR CONSTRUCTION. By Wm. Baxter, Jb. 

business end of anj djmamo or motor of the direct current tjrpe is the commutator. Thif 

goes into the designing, building, and maintenance of commutators, shows how to locate 

3les and how to remedy them; everyone who fusses with dynamos needs this. 26 cents 

r AMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A FIFTY-WATT 
f AMO. By Abthub J. Weed, Member of N. Y. Electrical Society. 

actical treatise showing in detail the construction of a small dynamo or motor, the entire 
odne work of which can be done on a small foot lathe. Dimensioned working drawings 

Sven for each piece of machine work and each operation is clearly descrlBed. Tms 
ne, when used as a dynamo, has an output of fifty watts; when used as a motor it will 
9 a small drill press or lathe. It can be used to drive a sewing machine on any and all 
lary work. The book is illustrated with more than sixty onginal <mgravings showing 
actual construction of the different parts. Among the contents are chapters on 1. Fifty 
t Dynamo. 2. Side Bearing Rods. 3. Field Punchings. 4. Bearings. 5. Commu- 
r. 6. Polley. 7. Brush Holders. 8. Connection Board. 9. Armature Shaft. 10. 
ature. 11. Armature Winding. 12. Field Winding. 13. Connecting and Starting. 
9, paper, 50 cents. Cloth. $1.00 

XTTRIC FURNACES AND THEIR INDUSTRIAL APPLICATIONS. By J. Wbioot 

is a book which will prove of interest to many classes of people; the manufacturer who 
"es to know what proauct can be manufactured successfully in the electric furnace, the 
list who wishes to post himself on the electro-chemistry, and the student of science who 
sly looks into the subject from curiosity. The book is not so scientific as to be of use 

to the technologist, nor so unscientific as to suit only the tyro in electro-chemistry; it 
practical treatise of what has been done, and of what is being done, both experimentally 
commercially with the electric furnace. 

Qportant processes not only are the chemical equations given, but complete thermal data 
let forth and both the e£9ciency of the furnace and the cost of the product are worlced 
thus giving the work a solid commercial value aside from its efficacy as a work of reference, 
practical features of furnace building are given the space that the subject deser\'es. The 
s and refractory materials used in the linings, the arrangement of the connections to the 
rodes. and other important details are explained. 288 pages. New Revised Edition, 
r illustrated. Price $8.00 

\CrKLC LIGHTING AND HEATING POCKET BOOK. By Stdxet F. Walkeb. 

book puts in convenient form useful information regarding the apparatus which is lilcely 
3 attached to the mains of an electrical company. Tables of units and equivalents are 
ded and useful electrical laws and fonnulas are stated. 

section is devoted to dynamos, motors, transfonners and accessory apparatus; another 
rcumulators, another to switchboards and related equipmfmt, a fourtn to a description 
irious systems of distribution, a fifth section to a dlscuitsion of instruments, both for 
ible use and switchboards; another section deals with electric lamps of various types 
Ekcoessory appliances, and the concluding section is givan up to electric heating apparatus, 
ich section a large number of commercial ty^ies are described, frequent tatl«^ of dL'r;en- 
I being included. A great deal of detail information of each line of apparatus is given 
the fllustrations shown give a t^ood idea of the general appearance of the apoaratuf under 
ission. The book also contains much valuable Infonnation for the central fetation engi- 
. 438 pages. 300 engravings. Bound in leather pocket book form. Price . $3.00 

\CTRIC WIRING, DIAGRAlfS AND SWITCHBOARDS. By Xewtox Habrlson'. 

loroushlj practical treatise oorering the subject of Electric Wiring in aD ite brancfaea. 
iding eziiliiiations and diagrama wliicfa are tliofDUgfaly explicit and greatly tUnvUti 



inibject. Practical eyery'<uy problems in wiring «i« vwen V iA «»&. >3Qfc/mc9dM9 
ixOng'biteBlgeat remilts deany atiowa. Only iruiunet\c \a xaK/\. ^S'easii^^^sm >» 
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1 Simple BiplwiBlJon with refereaca W wiring for direct and ulternutina ciurenta. The fimda 
mantiil principle or drup of putentlttl In circuits Is shown wills its vbtIoub apnlicaclons. 'I'hi 
dmple circuit is developed with the position of mains, feeders and brancbes; their treat 
ment as a part of a wtrlng plan and their employment io housB-wlrine clearly illustrateu 
Soma slmplB facts about teating are included in conneetioQ with the wiring, Moldlni 
uid couduit work are given careful consideration; and Bwltchboarda are systematlcall] 
treated, built up and llluatrated. showing the purpose they serve, for connection with thi 
circuits, and to shunt and compound wouod machines. The simple principles of swltchboaR 
construction, the development of the switchboard, the connections of the various Inatm 
menls IncludiOK the lightning arrester, are also plainly set forth. 

Allemating current wiring la treated, with eiplanatlons of the power ftetor, condltioni 
calling for various aises uf wire and a simple way of obtaining the sizes for single-phase, mo 
phace and three-phase circuits. This Is the o:il; complete work Issued showuig and tellbii 
you what you should know about direct and altemating current wiring. It Is a ready refer 
eace. The work Is free from advanced technicalities and mathematics, arithmetic being usee 
throughout. It la In every respect a handy. wcU-written. Instructive, co,llprQhenalv( 
volumeoh wiring for the wlreman, foreman, contraclor, or electrician. 272 pages; lOS lUui- 
trallouB. Price SI. SO 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR COM- 
STBDCTIOK. By Prof. T. O'CoNoa Sloane. 

ts of the making at home of electrical toys, elpdrlcal apparatus, motors, dynamoi 
■3 in general, and is designed to bring within the reach of young and old th* 
genuine and useful electrical appliances. The work is especially designed for 
□ung folks. 

ir young people are dally experimenCIng, and busily engaged in making electric*! 
loya anu apparatus ol various kinds. The present work is just what is wanted lo give the 
much needed infonnalion In a plain, practical manner, with Uluslratlona to make easy the 
corrylnE out of tbe work, 19th Edition. Price S1>00 

ELECTRICIAN'S HANDY BOOK. By Prot. T. O'Conob Sloane. 

This work of 76S pages Is intended for the ptoctlcal electrician who has lo make thlnga n. 
The entire Held of electricity is covered withm its pages. Among someof thesubjects ireaUd 
are: The Theory of the Electric Current and Circuit, Eleclro-Chemiatry, Primary Balterlei. 
Storage Batteries. Generation and UtlUzalJon of Electric Powers, Alternating Current, Armit- 
lure Winding, Dynaioos and Motors, Motor Generators. Operatlou of the Central Stallra 
ds. Saiety Appliances, Distribullon of Electric Light and Power. Street Msiu, 
■ - --' Incandescent Ugbllag, Electric Measurements. Pholoraelry, EleclrtO 

" ' ' " "' Plaling, Electric Heating. IVireless Telegraphy, ate. 

.. , , , is to the nohit. It teaches you just what you want 

lo know about electricity. It Is the standard work published on the subject, Forty-oiO 
chaDten, 010 engravines, handsoinely bound In red leather with title and edges In gold. Price: 

sa.BD 
ELECTRICITY IN FACTORIES AND WORKSHOPS, ITS COST AND CDHVENIESCK. 

By Arthur P. Haslam. 

A practical book for power produoera and power a; 

motor. In its various forma, has become to the mc . .. 

condliiona which determine the cost of electric drlvhig, and compares this with other roetluMi 
of producing and utilizing power. 

AmouB the chapters contained in the book are; The Direct Current Motor; The Alteraallnt 
Current Motor; The Stariing and Speed Regulation of Electric Motors; The Rallogona 
Efficiency of Electric Motors; The Cost of Energy as Affected by Condltlona of Working. TlM 
Question for the Small Power User; Independent Generating Plants: Oil and Gas Engbn 
Plants; Steam Plants; Power Station Tariffc; The Use of Electric Power to Teitlle Factortss; 
Electric Power in Printing Works; The Use of Electric Power In Engineering Workshopa 

of Ihduilrlal Establishments. 312 pages. 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Oonor Sloane. 

The object of " Electricity SimpUSed " Is to make the subject as plain aa possible and Co a'ww 

what the mortem conception of electricity is; to show how two plates of different melab 
'aimerwd in acid can send a message around the globe; to explain how a bundle of copper wift 
seated by a steam engine can bo the ageitUn \lRhting our streets, to tell what the volt, obll 
id ampere are. and what high fcnd low teoalnn meatv. »,k4Ws answer the question* thM 
5Jeir/«ffj-arf»e/n (Jjemlndjn tlilB8«eof electrtiAly. VIl-o».*«- VfcHWaV:.*, t^ce|l.()0 

■ u. : 
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HOUSE WIRING. By Thomas W. Poppe. 

This woric describes and Illustrates the actual installation of Electric Light Wiring, the mannei 
in which the work should be done, and the method of doing it. The book can be convenienth 
curied in the pocket. It is intended for the Electrician, Helper and Apprentice. II 
Kdves all Wiring Problems, and contains nothing that conflicts with the rulings of the Nation- 
al Board of Fire Underwriters. It g^ves just the information essential to the Successfu 
Wlrins of a Building. Among the subjects treated are: Locating the Meter. Panel Boards 
Swit^es. Plug Receptacles. Brackets. Ceiling Fixtures. The Meter Connections. The 
Peed Wires. The Steel Armored Cable System. The Flexible Steel Conduit System. Th« 
Rldlg Conduit System. A digest of the National Board of Fire Underwriters' rules relating 
to metallic wiring systems. Various switching arrangements explained and diagrammed 
The easiest method of testing the Three and Four-way circuits explained. The groundhic 
of all metallic wiring systems and the reason for doing so shown and explained. The in- 
solation of the metal parts of lamp fixtures and the reason for the same desCTibed and 
IBnstrated. 125 pages. Fully illustrated. Flexible cloth. Price 60 centi 

HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O'Conor Sloanb 

Bvery young man who wishes to become a successful electrician should read this book. It tellt 
in simple language the surest and easiest way to become a successful electrician. The studie! 
to be followed, methods of work, field of operation and the requirements of the successful 
Metrician are pointed out and fully explained. Every young engineer will find this an ex« 
oeUent stepping-stone to more advanced works on electricity which he must master before 
success can be attained. Manv young men become discouraged at the very outstart bi 
attempting to read and study books that are far beyond their comprehension. This boot 
serves as the connecting link between the rudiments taught in the public schools and the rea 
study of electricity. It is interesting from cover to cover. Fifteenth edition. 202 pages 
Illustrated. Price $1.00 

HANAGEMENT OF DYNAMOS. By Lummis-Paterson. 

A handbook of theory and practice. This work is arranged in three parts. The first pari 
Covers the elementary theory of the dynamo. The second part, the construction and actioi 
Of the different classes of dynamos in common use are described; while the third part relatet 
to such matters as affect the practical management and working of dynamos and motors. 
The following chapters are contained in the book: Klectrical Units; Magnetic Principles! 
Theory of the Dynamo; Armature; Armature in Practice; Field Magnets; Field Magnets ir 
I'ractioe; Regulating Djmamos; Coupling Dynamos; Installation, Running, and Maintenance 
Of Dynamos; Faults in Dynamos; Faults in Armatures; Motors. 292 pages. 117 illustra- 
tions. Price $1.60 

8TA1VDAIU) ELECTRICAL DICTIONARY. By T. O'Conor Sloane. 

An indispensable work to all interested in electrical science. Suitable alike for the studeni 
and professional. A practical hand-book of reference containing definitions of about 5,00C 
distinct words, terms and phrases. The definitions are terse and concise and include every 
term used in electrical science. Recently issued. An entirely new edition. Should be in th€ 
Ion of all who desire to keep abreast with the progcsss of this branch of science. In 



possessic 
itsarrai] 



ts arrangement and typographv tne book is very convenient. The word or term defined ii 
printed in black-faced type which readily catches the eye, while the body of the page is in 
smaller but distinct type. The definitions are well worded, and so as to be imderstood hy 
the non-technical reader. The general plan seems to be to give an exact, concise definition, 
and then amplify and explain in a more popular way. Synonyms are also given, and refer- 
enoGB to other words and phrases are made. A very complete and accurate index of fifty 
pages is at the end of the volume; and as this index contains all synonyms, and as all phrases 
are indexed in every reasonable combination of words, reference to the proper place in th€ 
body of the book is readily made. It is difilcult to decide how far a book of tms charactei 
it to keep the dictionary form, and to what extent it may assume the encyclopedia form, 
For some purposes, concdse, exactly worded definitions are needed; for other purposes, more 
extended desoiptions are required. This book seeks to satisfy both demands, and does it 
with oonsideraDie success. Complete, concise, and convenient. 682 pages. 393 illustra- 
tions. Twelfth edition. Price $8.0G 

SWITCHBOARDS. By William Baxter, Jr. 

This book appeals to every engineer and electrician who wants to know the practical side o1 
thfai ga. It takes up all sorts and conditions of dynamos, connections and circuits and showi 
by diaigram and illustration just how the switchboard should be connected. Includes direct 
and alternating current boards, also those for arc lighting, incandescent, and power circuits, 
ftiedal treatment on high voltage boards for power transmission. 2d Edition. IQQ ^'Vka 
lauiitimtad. Price ,,•*,**** V^* 
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TELEPHONE COMSTRDCTIOH, INSTALLATION, WIRING, OPERATION AS 

MAINTENANCE. By W. H. Radcliffb and H. C. Cuhhisg. 

Tliia book gives the principles uf construction giiij operatiOQ of botli the BellSDd Independei 
iQStrumenls; approved moChods uf InBtalliiiK luid nlring ihom: Cbe meaoB ot protecting tba 
from llghtiiiiig and abnormal currents; tbelr connecclon logelher (or opEraclon as serlei ( 
bridging atallOTiE; and rules for Cbclr inspection and inatntenaDce. Line wlrinu and the wi 
log and operation of special teleplione systems are also treated. 

Intricate malhBniatlcs are avoided, and all apparatus, circuits and systeme are thorough! 
described. The ap|>endlx contains deOnltions of units and terms usud in the te.it. Select! 
wiring tables, which are very helpflil, are also included. Among the subjects treated v 
Construction, Operation, and installation of Telephone Instruments. Inspection and Mah 
teuance of Telephone Instruments: Telephone Line Wiring; Testing Telephone Line Win 
and Cables; Wiring and Operation of Special Telephone Systems, etc. loo pages. 12G lUa 
tratlons tl.O 

WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED 
Bv Alfred P. Mobqan. 

This is undoubtedly ouD of the most complete and comprehensible treatises on the subjei 
ever published, and a close study of its pages will enable one to master all the details of tt 



fiaeeG. The author has flJled a long felt wan 
prehenslV' ■- — -— .- -> — ■- ■ 



fn furnishing a lucid, comprSienslble explanation in simple language of the theory an 
practice of wirelBss tcif^Eraphy and tcJephooy. 
Among the contents are: Introductory; Wireless TransmisBJon and Roceptlop — Tt 
Aerial System, Earth Omnecdons — The Transmitting Apparatus. Spark Coils and Trani 
formers. Condensers, Helixes, Spark Gaps. Anchor Gaps, Aerial Smtches — The Kei:«lirlii 
Apparatus, Detectors, etc. — Tuning and Coupling. Tuning Coils. Loose Couplers. Variabl 
Condensers. Directive Wave Systems — Miscellaneous Apparatus. Telephone Rocelven 
Range of Stations, Static, Interference — Wh'oiess Telephones. Soundand Sound Waves. Th 
Vocal Cords and Ear — Wireless Telephones, How Sounds are changed Into Electric Waves- 
Wlreleis Telephones, The Apparatus — Summary, ZOOpagce. ISO engravings. Price 81 .0 

WIRELESSTELEPHOHESAHDHOWTHEyWORK. By James Ersking-Muriui 

This work is free from elaborate details and aims at giving a dear survey of the way in whlcl 
Wireless Telephones work. It is Intended tor amateur workers and tor those whose knowledl 
of eleciricily Is slight. Chapters contained: How We Hear: Historical; The Conversion 
Round hito Electric Waves; Wireless Transmission; The Production of Allemathig Current 
High Frequency; How the Electric Waves are Radiated and Received; The Recclvfni 

r> . ..... ■- and Eipectations ; Glossary of Technical Wee* 

»1M 

WIRING A HOUSE. By Hebbbrt Pratt. 

Shows a house already built; teUs jusi how to stari about whing It; where to begin; wht 
wiie to U3c; how to run it according to Insurance Rules; in tact jusI the jntormallan youawd 
Direellona apply equally to a shop. Fourth edition 2D mbI 

FACTORY MANAGEMENT, ETC. 



MODERN MACHINE SHOP COHSTRUCTION, EQUIPMENT AND MAHAGEMEin 

By O. E. PEnnioo, M.E. 

The only work publiahed that describes the modern machine shop or raanutacturing plant trw 

the time the grass is growing on the site Intended for it until the Qoished product is abtapsi! 

By a ootetui study of its thirty-two chapters the piaclieal man may economically fiuilc 

emctenlly equip, and successfully manage the modern machine shop or manufacturing estat 

ishment. Just the booh needed py those contemplaliiig the erection of modem shop buildine 

ths re-building and re-organliatlon of old ones, or the introduction of modem shop melbodi 

tJme and cost system. It la a book written and iiiuslraled by a practical shop man (orptactla 

aboptnen iffio are itw busj tO read (fteorf's and wanl/oc(s. It is the most complete all arouni 

MoA €>t its kind ever publtshid. It Is a pIl^cl.icll\\^DQl^. for practical men. from the apprentlc 

I the shop to the president lii the olllce. 11 minuleVj 4eacrtaeaMxa\!L\vBrt.r»tes the most slnpl 

itf JW( tie Bttjst BfflcJect lime and coavayalem set Qeviaaa. tftwi JB.W 
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FUEL 
COMBUSTIOH OF COAL AND THE PREVEHTIOM OF SMOKE. By Wm. K 

TMs boak bas boen prepared with spociBl reference Co the generation or heitc by the com 

tlon of tlie common fuels found in Che United stales, and deals partlcnlirlr nith the cc 

tlona necesBary to the economic nai smokelfss combustion of bltumlnouii coals In StaUoi 

and LfOComotl ve St«un Boilers. 

The preaontatlon of this Importiint subject is systematic and progressive. The ai 

of the book is In a flerlea of practical questions to which are appended a"'^'-" 

" ' ' -■■■-■ - ;e. free from technicalities, the several pr 

lerican fueU; it clearly states tbe eBsencI 
eombuscioa, andpuinUouC thebesc methods for fiiraaceconsirucCloa for obtaining tbugi 
eat quantity of heat from any given quality of coal. Nearly 350 pages, fully illustn 



vblcb describe bi language, tree from technicalities, the several processos invol' 
furiiace cumbuBtlon of American fuels; -* -' — '- — »— •' •-• ■-■ — ■ 






a work of Ernst 

combustion, the methods which „ , _. , 

sclentiflo methods lor obtainlnB all the energy hi the coal and burning II withi 
Consldeiable space is also given to the enamlnation of the waste gases, and ser 

The losses earned awav in the waste gases are thoroughlr analyzed and discussed m Lut 
Blsa here given uf various patents an combustian apparatus, 
;alns much of value to all who have charge of large plants. 

«a 

GAS ENGINES AND GAS 



GASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A. Hi 

Vbriui.1.. 



. .mpleat, Latest and Most Comprehensive popular work published on Gasoline Eii| 
iblng what the Gasoline engine is: its eonstruction and operation : how to Inatal 
M select it: how to use It and bow to remedy troubles eacounCiered, Intended to 

■ " ira of Gasoiino Motors of aQ Hnda. This work fully describes L 

type.^ of Gasoline engines used in Motor Boats, Motor Vehicles 

.llonary Work. The parts, accessories and Appliances are de — " — ' — '•'- -' — — 

Ignition, fuel, lubrication, operation and engine troubles. Special 



describing what the Gasoline 

how to select it; how to use Iti ., , 

Operators and Users of Gasoline Motors of aQ kinds. This work fully describes and i 
tratefl the various types of Gasoline engines used in Motor Boats, Motor Vehicles 
I Work. The parts, accessories and Appliances are desoibed, with chapter 

... .'ual. lubrication, operation and engine troubles. Special attention Is given tu 

care, operation and repair of motors with useful hints and suggestions on emorgenci 
pairs and make-shifts. A complex glossary at technical terms and an alphabeelcall] 

13 be wlthou 



Nearly 150 specially made engravings. Price 



GAS, GASOLINE, AND OIL EnGINES. By Gabdnbr D. Hibcox. 

Just issued, aoth revised and enlarged edition. Every user ot a gas engine newls this b 

t^tmote, instructive, and right up-to-date. The only complete work on the subject. ' 

all about tbe running and management at gas, gasoline and oil engloes, aa designed and mi 

factured In the United t^tates. Explosive motors for stationary, marine and vehicle powei 

(iilly treated, together with illustrations of their parts and labulaied sizes, also their care 

running are included. Blectrlc Ignition by Induction coU and lump spark are fully expla 

ind Illustrated, Uioludlng valuable Informatinn on the testing for economy and power and 

erection of power plants. 

The rules and regulations of the Board o 

motor power. A list of United States Patents issue7on gas"^ gasoline, and oil engines an'd I 
kdjunclstrom lB7stctdat« 19 Included. 484 pages. 410eagravlDgs Frice ... 38 

MODERN GAS ENGINES AND PRODUCER GAS PLANTS. By R. E. Mathot, it 
A guide for the gas engine deslgiier. user, and engineer In the construction, selection, purci 
Installation, operation, and maiutenance of gas engines. More than one book on gas eni 
bas bean written, but not one has thus tar even encroached on the flaW. covoced by yd» li 
Above sJi Jifr. Malhot's work Is a practical guide. BBWHE^iito* ^toa nswft. ^A ■». -i>*k«ok. 
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would assist the eaj engine user In understanding thorouehty the motor upon which he dependi 
for Dnwer. the author has dLieussed his subject without the help of OiUy mathematics bdA 
'~ "leoretlcai explEinatlans, Every part of the eas engine is deserib»d in delBll, 

„ , -J a thorough understaading of the renuireraents ol the meclianlc, Helphji 

sUKRestiOQs as to the purcliase of an engine, its Installation, care, and operation rorm a mosl 
valuable (ealure of the work. 320 pages. 17S detailed illustrations. Price . . . SS.BO 

GAS ENGINE COKSTKDCTIOH, OR HOW TO BmLD A HALF-HORSE- POWER 
G^ ENGINE, By Pabsell and Weed. 

A practical treatise of 300 pages describing the theory and principles of the action ol Om 
Engines of various typos and the design and construction ota hall-horsepower Gas Engine, li^' 

illustrations of the work In actual progress, together with the dimens' — -" ■--- '- 

givlngciearly thesiiesoflhevariousdetaiis; fortt 

amateur maehanlc, 

Tnls bDok treats of the subject more from the atandpoinl ot practice than that of theory. Tit 

principles of operation of Gas Engines are clearly and simply described and then the aMBtt 



it the Gas Engine. 3d Eilltlon. 300 pages. 



'^^^aifiJ 



THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAOt 

AND USES, By Xbno W. Putnam. 

This is a practical treatise on the Gasoline and Kerosene engine intended Tor the man wbo 

wants to know Just how to outnage his engine and how to apply it to all kinds of farm worti 

The hook includes selecting the mosl suitable engine for farnt work, its most convenient and 
efflcient installation, with chapters aa troubles, tbclr remedies and hoiv to avoid Ihem, 
The care and mantt^tement of the firm tracmr In plowing, harpowlne, harvesling and lOM 

Srading are fully covered: also plain directions are given for handling the tractor on the roM. 
peclal attention la given lo relieving farm life of Its drudgery by applying power to tiu 

disagreeable small tasks which must otherwise be done by hand. Many h ■ 

trlvancea for cutting wood, supplying kitchen garden and barr — '" ■— '- 

and unloading hay, deliveclnK grain to the bins or the feed t ^ ._ 

directions for making the engine milk the cows, chum, wash, sweep the house and clean tIM 
windows, etc. Very fully Illustrated with drawings of working parts and cut* BbowHI 
Stationary, Portable and Tractor Engines doing all kinds of t&rra work. SOD pages. NmS 
ISO engravings. IStuo. Price SLR 

CHEMISTRY OF GAS MANUFACTURE. By H. M. Royles. 
This book covers points likely to arise in the ordinary ci 

e manufacture of lUumliwt- 



is works not large enough to necessitate the emptoyme 
_. .^ ^ ygj fcthei 



,s. and of the gas produced. The preparation ot standard si 

mical and phvsical exaralnation of gas coal ineludhig amon» us wiuciuo^i-™-- 

Standard Boiutions, Coal, Furnaces, Testing and Regulation. Products of a> 



Analysis ot Crude Coal Gas. Analysis of Lime. Ammonia. Analysis ot Oitdi 

laphlhalene. Analysis of Ftre-Bricks and Fire-C'lay, Weldc '■ ■ "-"" 

Photometry and Gas Testing. Carburelted Water Gas, Metropolis 



Extracts. Uaetui Tables. '. . 14.110 

GEARING AST) CAMS 

BEVEL GEAR TABLES. By D. Ag, Enqstrom. 

the trigonometry and fancy figuring on bevel gears and makes It easy for anyone to la; (hMB 
out or make them Just right. There are 36 full-page tables thai show every necessary dImiD- 
alon (or all sizes or combinations you're apt to need. No puizlmg hgurlng or gueiBlll|i 
Gives placing distance, all the an^lss (Including cutting angles), and the correct cutter lo uiL 
A copy ot this prepares you tor anything in the bevel gear line. SB pages. . tl.OB 
CHANGE GEAR DEVICES. By Oscah E. Pbbkigo. 

A practical book tor every designer, draftsman, and mechanic interested in the invehllon Ud 
development ot the devices for feed changes on tbe dlllerent machines requiring such mecbaft- 
ism. All the necessary information on this subject is taken up, analyzed, classified, dfted, 

nod roncenlrated tor the use ot busy men who have not the time to go through the uHHW 

■3f bretevanl matter ivjlh which such a subject is usually encumbered and select such infm^ 

■atJan as win be useful to them. 
abowa Just what has been done, how It Yiae Ven Aotie, wVeti W viaa done, and who did !t 

*> TO» iJais la bunting up patent recoida and teAa'jeo'.tas dii \4t»», *» ^isa. tl.OQ 

i u 
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Sernng, etc. This book Is twj Illustrated with one hundred siid BItj original engiavinKs, 
which show how each kaol, tie or splice is forined aoii lu appearance when anlshed. Tie 

Id Tact to anyone bavlng occasion to lue or handle rope or knots Tor any purpose. 



!. Kinds of Rope. Construction 



Is Cboroughly reliable and practical and Is not only a guido but a teacher, (t is the Btandard 

work on (he subject. Among the ccmtentH are: 1. Cordage. ["-J- -' "— " ■ ■ — 

or Rope. Parts of Rope Cable and Bolt Rope. Strength of Ro 

pie knota and Bends. Terms used in Handling Rope. Seizing ., ... 

i. Noose. Loops and Mooring Knots. 5. Sbonenlnes. Grommeta and Scliages. _. 

Ings. Sellings and Splicea, 7. Fancy Knots and Rope Work. 128 pages. 150 original 
engravings. Price 60 centi 

LATHE WORK 

MODERN AMERICAN LATHE PRACTICE. By Osc.w E. Pbbbioo. 

This Is a new book from cover to cover, and the only complete American work on the subject 
written by a man who knows not only how work ought to be done, but who also known 
how to do It. and how to convey thia knowledge to others. It Is strictly up-to-date in iti 
descriptions and Illustrations, which represent the very latest practice in lathe and boring 
mill operations as well as the construction of and lai«st developments In tbe manufacture 
o[ these Important classes of machine tr-'- 



le history and the relations of tbe I^the to raannfecturing are gli 
le various devices for Feeds and Thread Cutting mechanisms fr< 



Thread Cutting □ 

„ „ B. and all the essei 

The ctassiQcaCion or Lathes la ti&en up. giving the essential dltferences of the st .,,,„ 

of Lathes, Including, as is usuallj' understood. Engine Lathes. Seni-h Lathes, Speed Lathes, 
Forge Lathes. GapXathes. Pulley Lathes, ForminR Lathes, Multiple Spindle Lathes. RatAI 
Reduction Lathes. Predslon Lathes, Turret Lathes. Special Lathes. ElectricaJly Driven 
Latbea, etc. 424 pages. 314 fllustratiuns. Price Ki.BO 

PRACTICAL METAL TUKHIHG. By Joseph G. Hohsbb. 

This bnportant and practical subject Is treated in a full and exhaustive manner and nothini 
of Importance Is omitted. The principles and practice and all tbe different branches of Turn- 
ing ate considered and well lllustratea. All the diCCerenl kinds of Chucks of usual forms, aa 
well as some unusual kinds, are shown. A feature of the book 19 the Important section de- 
voted to modem Turret practice; Boring is another subject which is treated fully: and the 
cliapter on Tool Holders lllustralea a large number of representative types. Thread Cutting 
la Irested at reasonable length: and tbe last chapter contains a Eood deal of information 
relating to tbe High-Speed Steels and their work. The numerous tools used by machinlili 
are illustrated, and also the adjuncls of the lathe. In fact, the entire subject is treated hi 
such a thorough manner aa to make this bt)ok the standard one on the subject. It Is IndlB- 
pensable to the manager, engineer, and machinist aa nell as to the student, amateur, and 
eiperimenlal. man who desires to keep up-to-date. 400 pages, fully illustrated. Piloe (8i60 

TnRKIMG AMD BORDIG TAPERS. By Fred H. Colvin. 

There are two ways to turn tapers; the right way and one other. This treatise has to do with 

tile right way: it tells you how to slarl the work properly, 

use Bcd how to use them, and forty and one other Uttle thi 



you should know. 



LIQUID AIR 

LIQUID AIR AHD THE LIQUEFACTION OF GASES. By T. O'Conor Sloane. 
This book gives the history of the theory, discovery, and manufacture of Liquid Air, and 
eonlalns an UlUBlraled description ot all the experiments that have excited the wonder ol 
audli'nces all over the country. It shows bow liquid air, like water, is carried hundi«dB ol 
miles anil is handled In open buckets. It tells what may be expected from It hi the neai 
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LOOOMOTIVE ENQINEgEINQ 

BRAKE CATECHISM. By Robert H. Blackall. 

book is a standard text book. It covers the Westinshouse Air-Brake Equipment, in 
ig the No. 5 and the No. 6 E. T Locomotive Brake Equipment; the K (Quick-Service 
J Valve for Freight Service; and the Cross-Compound Pump. The operation of all part 
3 apparatus is explained in detail, and a practical way of finding their peculiarities am 
ts, with a proper remedv, is given. It contains 2,000 questions with their answers 
I will enable any railroad man to pass any examination on the subject of Air Brakes 
rsed and used by air-brake instructors and examiners on nearly every railroad in th< 
id States. 25th Edition. 350 pages, fully illustrated with folding, plates and dia 
3 $2.0( 

:RICAN compound locomotives. By Fred. H. Colvin. 

mly book on compounds for the engineman or shopman that shows in a plain, practica 
the various features of compound locomotives in use. Shows how they are made, wha 
when they break down or balk. Contains sections as follows: — A Bit of History. The 
f Ck>nipounding Steam Cylinders. Baldwin Two-Cylinder Compound. Pittsburg Two 
der Compound. Rhode Island Compound. Richmond Compound. Rogers Compound 
lectady Two-Cylinder Compound. Vauclain Compound. Tandem Compounds. Bald 
Tandem. The Colvin-Wightman Tandem. Schenectady Tandem. Balanced Loco 
res. Baldwin Balanced Compound. Plans for Balancing. Locating Blows. Break 
s. Reducing Valves. Drifting. Valve Motion. Disconnecting. Power of Compoun< 
notives. Practical Notes. 

illustrated 'and containing ten special "Duotone" inserts on heavy Plate Paper, show 
ifferent types of Compounds. 142 pages. Price $1.0( 

LIGATION OF HIGHLY SUPERHEATED STEAM TO LOCOMOTIVES. B3 

SBT GaRBB. 

MStlcal book. Contains special chapters on Generation of Highly Superheated Steam 
-heated Steam and the Two-Cylinder Simple Engine; Compounding and Superheating 
ns of^ Locomotive Superheaters; Constructive Details of Locomotives using Highl] 
'heated Steam; Experimental and Working Results. Illustrated with folding plate 
ables. Price 9a.6( 

ftBUSTION OF COAL AND THE PREVENTION OF SMOKE 

SVm. M. Barr. 

book has been prepared with special reference to the generation of heat by the combus 
jt the conunon fuels foimd in the United States, and deals particularly -mth the condi 
necessary to the economic and smokeless combustion of bituminous coal in Stationar; 
Locomotive Steam Boilers. 

;>resentation of this important subject is systematic and progressive. The arrangemen 
e book is in a series of practical questions to which are appended accurate answers 
1 describe in language, free from technicalities, the several processes involved in th 
kce combustion of American fuels; it clearly states the essential requisites for perfec 
tustion, and points out the best methods of furnace construction for obtaining tb 
est quantity of heat firom any given quality of coal. Nearly 350 pages, fully illustrated 
. $1.0C 

EtY OF A ROUND HOUSE FOREMAN. By T. S. Reilly . 

is the greatest book of railroad experiences ever published. Containing a fund of infor 
jD. and suggestions along the line of handling men, organizing, etc. , that one cannot afPor( 
sa. 176 pages. Price $1.0( 

C MOTIONS, VALVES AND VALVE SETTING. By Fred H. Colvin, Associate 

or of "American Machinist." 

ndy book for the engineer or machinist that clears up the mysteries of valve setting 
s the different valve gears in use, how they work, and why. Piston and slide valvei 
Terent types are illustrated and explained. A book that everv railroad man in the mo 
power department ought to have. Contains chapters on Locomotive Link Motion 
i Movements, Setting Slide Valves, Analysis bv Diagrams. Modem Practice, Slip 
:, Slide Valves, Piston Valves, Setting Piston Valves, Joy-Allen Valve Gear, Walschaer 
) Gear, Qooch Valve Gear, Alfree-Hubbell Valve Gear, etc., etc. Fully illustrated 

••••...••••«««««% (iQ QAOAl 



W CATALOGUE OF GOOD. PRACTICAL BOOKS 
LOCOMOTIVE BOaER CONSTRUCTIOH. By Frank A. KtEiNHANa. 

is, the locomoti' 

— , r J 1^ O- . r 

e for bending anil Hanging sbeets, and olher data. 

, ..._.-e difflcuHy in laying out and building itian any other type, 

and [or this reaBOn the author naes them as examples. Anyone who can handle them cu 
tackle any tiling, 

CoDlahis chapters on Laying Out Work: Flanging and Forging; Punching: Shearing; Plait 
Planing: General Tables; Finishhie PartE; BcndlDE; Machinery Parts: Klvetine: BaHat 
Delalla; Smoke Boi Uetaila; Assemblhig and Calking: Boiler Shop Machinery, etc., etc 
There Isn't a man who has aoythlng to do with boiler work, either new or repair work, wbc 
doesn't need this book. The manufacturer, superintendent, Foreman, and boiler worker— 
all need It. No matter what tbe type uf boiler, you'll find a mint of information that yon 
wouldn't be without. Over 400 pages, five large folding plates. Prloe ..... CS.Ofl 

LOCOMOTIVE BREAKDOWNS AMD THEIR REMEDIES. By Geo. L. Fowlzk. 
Revised by Wm. W. Wood, ."yr-Brake Instructor. Just issued. Revised pockef 
edition. 

It is out of the question to try and tell you about every subject that b covered in this pocket 
edition of Locomotive Breakdowns. Just imagine all the common troubles that an engloeel 
may expect to happen some time, and then add all of the unexpected ones, troubles that could 
occur, but that you had never thought about, and you will Bud [bat they are all treated witb 
the very best methods of repair. Walschaert Locomotive Valve Gear Troubles, Electric 
Headli^t Troubles, as well as Questions and Answers on the Air Biake are all Included. 2M 
pages. 7th Revised Edition. Fully illustrated 91,00 

LOCOMOTIVE CATECmSM. By Robert GRUdflHAW. 

The revised edition of " Locomotive Catechism." b; 

Cover to Cover. It contains twice as many paget - 

of previous editions. Includes the greatest amount of practical Information e.... ^ , 

on the construction and management of modem locomotives. Specially Prepared Chantai 
on the Walschaert Locomollve Valve Gear, the Air Brake Equipment and the Electric Biai 
Light are given. 

II commends itself at once to every Eneineer and Fireman, and to all who are going In (or 
examination or promotion. In plam language, with full complete answers, not only all tU 
questions asked by tiie examhilng engineer are given, but those which the young and ten 
experienced would ask the veteran, and which old hands ask as ■■stickerB." It is a veritable 

Encyclopedia of the l,oconiotive, Is entirely free from mathemalics, e--"-- — -■ —' 

thoroughly up-to-da" " '— ' '^ •_--.— «—_...__ 

S25 pages, 437 iUusti 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTrVB 
FIREMEN AND ENGINEERS. By Cha3. F, Locshast. 

An entirely new book on the Locomotive. It appeals to every railroad mnn. ns It ir-nt him 

how things are done and the rinhc w--- — ■'- *' "'-' ' — 

of practical eipericnce in locomotive , „ „. 

matlon given lii this book cannot be Toimd in any other similar treatise. Eight hundred anc 

»„ .. .... .u„i- ._„...j.j _.,..u _.:■. g specially helpful U 

—ruction and Operi- 



:. Breakdowns and their Remedies, 



railroads. 3BS pages. S3 lUustrat-tons, Price 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING. 

By George Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with ftcta. not thcorlM. 
ami sboiring Ibe men in the ranks, from cvery-day experience, how accidents occur and how 
Jiey may be avoUted. Tile book is illustrklod vfil.h seventy origiual photographs and draw- 
VB showing the safe and imeafe raelliodB ot ■wotlt, So-sWoBacy BChemeB. no ideal plctnna 
'e Plain acta aad ft'actical Suggenlooa aiegWrax. £vetvT&'^D«&«ic>^)\»^ee wharuditM 
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book is a better and lafer man to bave In railroad service. It gives iust the inform; 
vtalcb will be tbe means of preventing many Injuries and deaths. All railroad empU 
diould procure a copy, read it, and do your part in preventing accidents. 169 pages. P( 
Uie. FuUy mustrated.. Rrioe 60 1 

TRAIN RULE EXAMINATIONS ICADE EAST. By G. E. Colungwood. 

This Is tbe only practical woric on train-rules in print. Every detail is covered, and pu2 
pofnta are ezplalned In simple, comprehensive language, making it a practical treat is 
tha TYain Dlqpatclier, Bngineman, Trainman, and all others who have to do with the n 
menta of trains. Contains complete and reliable information of the Standard Code of 'i 
Rulea for single track. Shows Signals in Colors, as used on the different roads. Ex\] 
fiiUy tbe practical application of train orders, giving a clear and definite understanding 
oders wmch may be used. The meaning and necessity for certain rules are explain 
much a manner that the student may know beyond a doubt the rights conferred undei 
antes he may reoei've or the action required by certain rules. 

As neariy an roads require trainmen to pass regular examinations, a complete set of ezar 
tton questions, with tbelr answers, are included. These will enable the student to pasi 
nmilred examinations with credit to himself and the road for which he works. 256 p 
hilly lUuatrated with Train Signals in colors. Price $ 

TRAIN RULES AND DESPATCHING. By H. A. Dalbt. 

Evoy railroad man. no matter what department he's in, needs a copy of this book. It 
the standard rules for both single and double track, shows all the sifcnals, with colors y 
■rar necessaiy, and has a list of towns where time chanKos. with a map showing the \ 
country. The rules are explained wherever there is any doubt about their meaning or \ 
Uwy are modified by different railroads. It's the only practical book on train rules in \ 
Oter 220 pages. Leather cover. Price $ 

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS 
U)COMOTIVE& By Wif. W. Wood. 

If yoiu would thoroughly understand the Walschaort Valve Gear you should possess a 
of this book,, as the author takes the plainest form of a steam engine — a stationary ongi 
the rough, that will only turn its crank in one direction — and from it builds up — witl 
reader's help — a modem locomotive equipped with the Walschaort Valve Gear, comi 
The points discussed are clearly illustrat-ed : two large folding i)lates that show the poKi 
of the ralves of both Inside or outside admission type, as well as the links and other pai 
the gear when the crank Is at nine different points in its revolution, are especially vah 
in twaiHng the movement dear. These employ sliding cardboard models which are conti 
In a pocket In the cover. 

Tlw book Is divided Into five general di\isions. as follows: I. Analysis of the gear. II. 
■<iptwg and erecting the gear. III. Advantages of the gear. IV. Questions and ane 
nutting to the Walschaert Valve Gear. V. Setting valves with the Walschaort Valve ( 
the three primary types of locomotive valve motion; modem radial valve gears other 
the Walschaert; the Hobsrt All-ftreo valve and valve gear, with questions and answei 
brsakdowns; the Balcer-Pilliod valve gear; the Improved Bakur-Pilliod Valve (tear, 
questioiis and anawers on breakdowns. 

The quertions with fUU answers given will be especially valuable to firemen and engli 
la preimHng fbr an examination for promotion. 245 pages. Third Revised £di 

^ $: 



WBSTINOHO0SB E— T AIR-BRAKE INSTRUCTION POCKET BOOK. By 
W. Wood, Air-Brake Instructor. 

HSTB Is a book for the railroad man, and the man who aims to be one. It is without d 
the only complete work published on the Westinghouso K-T Locomotive Brake £(]uipn 
Written by an Air Brake Instructor who knows just what is needed. It covers the sul 
thorouMiIy. Everything about the New Westinghouso Engine and Tender Brake £( 
ment, Includine the Standard No. 5 and the Perfected No. 6 HXyle of brake, is treated ii 
taD. Written In plain English and profusely illustrated with Colored Plates, which ei 
one to trace the now of pressures tnroughout the entire equipment. The best book 
poblished on the Air Brake. Equally good for the beginner and the advanced engl 
Will pass any one through any examination. It informs and enlightens you on every p 
Indispensable ta erery endneman and trainman. 

Contains examination questions and answers on the E-T equipment. Ck)vering what 
S*T Brake Is. How it should be operated. What to do when defective. Not a question 
be asked of the endneman up for promotion on either the No. 5 or the No. 6 E-T equipi 
tint li not asked and answered in the book. If you want to thoroughly understand the 
soHlpiiient 0Bt a copy of this book. It covers every detail. Makes Air Brake troubles 
aStBlBatioH aa^y. Price ^ 
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maghim: shop practice 



AMERICAN TOOL MAKIBG AHD IMTERCHAKGEABLE MASUFACTDEIHG. 

J. V. Wo. 

A "shoppy" book, caatalning do Hieorizlng, no problomatlcial or experlmentitl devlen, 
are no badly proportiooed and Impossible oiagrams, no camlOKue cula. but a. valuable c 
tlon of drawings and descriptlunu of devices, the rich fruits of the auUior's own experl 
la lu btM-odil pages the oog subject only. Tool Making, and vhalever relates there 
dealt with. The work stapda without a rival. It la a complete practical treatise □ 
art of American Tool Making and a; ' ... 

to-day hi tbe United States. In It i 
and classes of small tools, fixtures, di 

In all machine manufacturing and mi . „ 

and Interchangeabllity In the production of machined metal parui ^ 

__. » „ ij^^ jg exhaustively dlacussed, and particular attention la paid t< 

In which the parU M ' 

__ ___ of the tools, fiilurw 

. and described bave been or are used for the actual producti 

, 1 of drill presses, lathes, patented machinery, typewriters, electrical „„ 

leal appliances, brass Koods, compositiob parts, mould products, sheet metal articlea, 
forBlngs, Jewelry, watches, medals, coins, etc. 531 pages. Price . % 

HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AHD ALI 
TRADES. Edited by Joseph G. HoaNBR, A.M,I., M.E, 

This set of Ave volumes contains about 3,500 pages wllh thousands of illustrations. Inch 

diagrammatic and sectional drawii .... ~. • 

enlire practice of Civil and Meolianl 

Che self-taught practical man. as well as the mechanici 
superintendent, foreman, and machinist. The work w 
I any progreulve man. It Is encyclopedic In scope, e) 

. brief aJ 

I of the subject, and are written oy men 
e[3 of whlcti ttiey write. 11 tella you at! 

help but understand. As a work of relerence It is without a peer. S6.00 per volume, 
complete set ol five volumes, price SJJI 

MACHINE SHOP ARITHMETIC. By Colvim-Chhmet. 

This is an arithmetic of the thhigs you have to do with dally. It tells you plainly about: 
to And areas of Qgures; how to nnd surface or volume of balls or spheres; bandy way! 
calculating; about compound gearing; cutting screw threads on any lathe; drlUlnE for 
speeds of drills, taps, emery wheels, grindstones, milllne cutters, etc.; all about the N 
system with conversion tables; properties ot metals; strength of bolts and nuts; de< 
uqulvalent of an Inch. AU sorts of machine shop Hgurlng and 1,001 other thix^gs. any o 
which ought to be worth more than the price of this book to you, and it saves you the in 
ot bothering the boss. 6th Edition. 131 pages. Price BO t 

MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AHD MANAGEMI 

By Oscar E. Perhiqo. 

The only work published that describes the Modern Machine Shop or Manufacturing Plant 
the time the grass Is growing on tbe site intended tor II until the finished product Isahli 
.lust the book needed by those contemplating the erection of modem shop buUdlngB. tn 
building and reorganization ot old ones, or the introduction of Modem Shop Methods, tinu 
coat systems. It Is a book written and Illustrated by a practical shop man for prattleal 
men who are loo busy to read theories and want facts. It is the most complete all-ar 
book of Its kind ever published. 400 large quarto pages. :!:!5 orlghul and apBClally-i 
illuslraliona. Price SI 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AHD HOVELl 
OF COirSTRUCTWH. By Oardseh B. Uiaco-x.. 
7J/» Is a suppleatentiry volume to the one iVpon n ' '" 



"leieat lines of niaciiinery. Eacli device bein» siiowo uv «. u™ •■ "« 
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showing its working parts and the method of operation. From the multitude of devices 
scribed, and illustrated, might be mentioned, in passing, such items as conveyors and elevai 
Prony brakes, thermometers,] various types of boilers, solar engines, oil-fuel burners, conden 
evaporators, Corliss and other valve gears, governors, gas engines, water motors of vai 
descriptions, air ships, motors and dynamos, automobile and motor bicycles, railway b 
signals, car couplers, link and gear motions, ball bearings, breech block mechanism for h< 
guns, and a large accumulation of others or equal importance. 1,000 specially made eng 
ings. 396 octavo pages. Price $S 

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gabdner D. Hisc 

This is a collection of 1,890 engravings of different mechanical motions and appliances, ace 
panied by appropriate text, making it a book of great value to the inventor, the draftsi 
and to all readers with mechanical tastes. The book is divided into eighteen section 
chapters in which the subject matter is classified under the following heads: Mechanical Pov 
Transmission of Power; Aleasurement of Power, Steam Power; Air Power Appliances; Ele* 
Power and Construction, Navigation and Roads; Gearing; Motion and Devices; Control 
Motion; Horological; xMining; Mill and Factory Appliances; Construction and Dev: 
Drafting Devices: Miscellaneous Devices, etc. 12th edition, 400 octavo pages. Price $2 

MACHINE SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandervoc 

A work of 555 pages and 673 illustrations, describing in every detail the construction, operal 
and manipulation of both hand and machine tools. Includes chapters on filing, fitting, 
scraping surfaces; on drills, reamers, taps, and dies; the lathe and its tools; planers, sha] 
and their tools: milling machines and cutters; gear cutters and gear cutting; drilling macb 
and drill work; grinding machines and their work; hardening and tempering; gearing, be! 
and transmission machinery : useful data and tables. 6th edition. Price . . . « $8 

THE MODERN MACHINIST. By John T. Usher. 

This is a book showing, by plain description and by profuse engravings, made expressly 
the work, all that is best, most advanced, and of the highest efficiency in modem maci 
shop practice, tools, and implements, showing the way by which and through which, as 
Blaxim says, "American machinists have become and are the finest mechanics in the woi 
Indicating as it does, in every line, the familiarity of the author with every detail of d 
experience in the shop, it cannot fail to be of service to any man practically •connected i 
the shaping or finishing of metals. 

There is nothing experimental or visionary about the book, all devices being in actual 
and giving good results. It might be called a compendium of shop methods, showing a t 
ety of special tools and appliances which will give new ideas to many mechanics, from 
superintendent down to the man at the bench. It will be found a valuable addition to 
machinist's library, and should be consulted whenever a new or difficult job is to be d 
whether it is boring , milling, turning, or planing, as they are all treated in a practical man 
Fifth Edition. 320 pages. 250 illustrations. Price ... • $2 

MODERN MILLING MACHINES: THEIR DESIGN, CONSTRUCTION AND OPE] 
TION. By Joseph G. Horner. 

This book describes and illustrates the Milling Machine and its work in such a plain, d 
and forceful manner, and illustrates the subject so clearly and completely, that the up-ton 
machinist, student, or mechanical engineer cannot afiford to do without the valuable ii 
mation which it contains. It describes not only the early machines of this class, but n 
their gradual development into the splendid machines of the present day, giving the de 
and construction of the various types, forms, and special features produced by promii 
manufacturers, American and foreign. 

Milling cutters in all their development and modernized forms are illustrated and descril 
and the operations they are capable of producing upon different classes of work are caref 
described in detail, and the speeds and feeds necessary are discussed, and valuable and us 
data given for determining these usually perplexing problems. The book is the most com 
hensive work published on the subject. 304 pages. 300 illustrations. Price . . $4 

"SHOP KINKS." By Robert Grimshaw. 

A book of 400 pages and 222 illustrations, being entirely different fronA any othet bool 
machine shop practice. Departing from conventional style, the author avoids universa 
common shop usage and limits his work to showing special ways of doing things better, n 
cheaply and more rapidly than usual. As a result the advanced methods of representa 
establishments of the world are placed at the disposal of the reader. This book shows 
proprietor where large savings are possible, and now products may be improved. To 
employee it holds out suggestions that, properly applied, wvll b3i?»l<5.\!L \\s& ^rfk'^^^ssiSK'SRs^.. 
shop can afford to be without it. It brisUea ^uYv N«.\w"afe\fc ^f«:^*NsMa> ^\s.^\v^^\s^'®^a^ 
It will benefft all, from apprentice to propnetoi. T£iv«Y^ m^c:Kffi^s^.^"a^. -wic^ •^"^s.^-smsn^k 
its pages. Fifth Edition, Price v " ' 
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THREADS ABD THREAD COTTING. By Cowra and Stabbl. 

Internal llircait)!, i.-utiiiini; ltireU(l>>, use oF liobx. otc. Coiilalos a lot ol useful hints andBereni 
tables. 3nl Edition. Price 36 cuati 

TOOLS FOR MACHIHISTS ABD WOOD WORKERS, INCLnDIBG IHSTRDMEKTS 
OF MEASUREMEHT. By JoaEPH G. Horneh. 

The urlnciptes upon which cutting tools for v-oail, metal, and other eubetancra are made an 
Itlentlcal. whether used by Ihe machinist, the carpenter, or br any olhec skilled mechanic in 
Ihelr dully work, and Ibe object of thin book Is la give a correct and practical description of 
[heae tools.as they arc commonly dealBued, constructed, and used, 340paRBa,fuUyiIluatrsted. 
Price SS.60 

MAlfUAL TRAININO 

ECOBOMICS OF MAMUAL TRAIBIKG. By Louia Rouillion. 
The an!y book published that gives ju^t the information needed by all interested ui tlanual 
TrolniiEK, regardinK BulldinKs EqiiEprnent, and Supplies- Shows eiactly what Is needed (or 
all grades of the work from the Kinderearten Co the High and Normal School. Girea item, 
ized Itr;t3 of everylhlne Used in .Manual Training Work and tells just what it ought to coal. 
Also shows where to buy supplies, etc. Contains 174 pages, and la fully illuatralBd. 
2na Edition, PrM» SI. 50 

BtARINE ENGINEERING 

MARIBE EHGIHE8 ABD BOILERS, THEIR DESIGN AND COBSTRDCTIOH. By 
Dr. G. Baubx, Leslie S. RueeaTsuN, uiid 6. Bryan Donkin. 

In the words of Dr. Bauer, the present work owes Its origin to an oft felt want of a Condensed 
Treatise, embodying the Theoretical and Practical Rules used in Designina Marine Engines 

. _ J „_„ — .-1. J . .. .. ....,jjj jjjjg jjgyn (gn |)„ jj|pj[ engineers engaged In the con- 

nes, not only by the younger man, but also by those ol 

. _.., _ _. ..J orieinalC.erman work was written by the chief engineer 

of the famous Vulean Works. Stettin, is in Itself a guaranlee that this hook is in all legpecle 
thocoughly up-to-dale, uiid ihat it embodies all the Infonnat'ion which is necessary for the 
design anil construction of the hlRhest types of marine engines and boileis. It may be said, 
that the mDl.lve poivi^r wliicli Dt. Bauer has placed in the last German liners that liaye been 
lurnerl out of late years from the Stettin Works, represent the very best practice in marine 

This work Is clearly wrlllen, thoroughly sysletnatic, theoretically sound: while the chanetM 
r.1 iio i,in>iu rtrnKririro (nhios nnii oiotiQiir^ Ib Without reproach. The Uluslralions are care- 
Ings, with some well-executed photographic views 



A cross^sectlon view, sbowine clearly and distinctly all (he Interior or a Submarine of One 
latest typo. You get more loformatlon from this chart, about tlie coastructlon and operation 
of a Submarine, than in any other way. No Details ootilted — everything is accurate and to 
scale. It Is abwriiilely correct in every detail, hartng been approved by Naval Engineers, 
AU the machinery and devices Btted In a modem Submarine Boat are shown and to make th< 
enRraviog more readily understood all the features are shown in operative form with Ofllcen 
and Men In the act of performing the duties assigned to them In service conditions. Thli 
CHART 13 ItEALLY AN ENCYCLOPEDIA OF A SUBMABINK. It la educational 
and wnrth many times Its cost. Mailed in a Tube For 86 cents 

MINING 

OJlEJJBPOSITS,'WnH.k CHAPTER ON HIHTS TO PROSPECTORS. By J, P. 

■Js book gives a con'lensctl account of the ore-tleposM-B sA pteseW, Vioy*™. 'm 9*ia.\.\i. fctrica, 
* also Jnlendpii as a euiile to the prospector. On\s — -!--—>.". \.™«\»a«. r* _i— 
r5??if '"li'"^ expprifnre are neccEisars in order la 
ncauoas. U will materially assist one In his search 
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I. BO lar as simple ores are concerned, should enable one to forin same idea u! llie possi- 
ties or any he may Rod. 

long the cliapters given are: Tllanireroua and Chromiterous Iron OsidPS — Nickel — Cop- 
— IJobalt — Tin — Moly bdenum — Tu ngstcn — Lead — Marcu ry — Antimony — Iron — Hinia to 
Hpeclors 82.00 

(YSICS AHD CHEinSTHY OF MISraG, By T. H. Byrom. 

practical work for the use ot all preparing for examlnatiahs In mining or quallfyiriE (or 

liei; managers' certificates. The aim ot the author in this excellent book Is to place clearly 



... .... students, mining e 

hers who are specially Interejjted In the present-day treatment of mining problems, 
g its contents are chapters on: The Atmosphere: Laws Relating to the Behavior of 
: The DiSuslOD of Gases ; Composition ot the Atmosphere: Sundry Constituents of the 



icollaaeouB Questions, ISO pages. Illustrated. 

LACTICAL coal MHIIHG. By T, H. Cockin, 
important work, containing 42S pages and 213 illustrations, complete with practical de- 
ls, which will intuitively impart to the reader, not only a general knowledge of the princi- 
H of coal mining, but also considerahlo hisighl mio allied subjects. This treatise is poal- 
Ely up to dalB m every histance, and should he in the hands ot every colliery engineer, 



PATTERN MAKING 

^CTICAL PATTERM MAKIHG. By F. W, Bakbotvs. 

JB is a very complete and entirely practical treatise on the subject of pattern malrlng, illus- 
tliig pattern work in wood and metal. From Its pagefl you are taught Jiul what you should 
DW about pattern tnaklng. it contains a detailed description of the materials used by 
:tem makers, also tbo tools, both those for hand use, and the more interesting machine 
<ls: having romplete chapters on the handsaw. The Buzz Saw, and the Lathe. Individual 
.. > J,*. . i.i_.. g fmjj, iiiugtrated and described, and the mounting of 



,1 patterns on plates for molding machines Is Included. 

s. formulas a- -■ ■"■-' .--.-..-.. . .-—■- 

■ ■ J of cafiL-^D-. ""V" ..^.^ -^^ ^».»«u .„,^.. -.. 
K and practical formulas, which will 



included, containing simple and original methods for Bnding 



weight of castings, both tram the pattern ItBelf and Iroi 
■tains some now and practical formi'""" — *-'~^ — '" ' — *"- 
Ights. with tJie accuracy required foi 
3S are simple, and can be ~ "' - - - 
re been proved by years oi actual use. 
Jn rules for keeping down the cost of patterns, with a complete system for checking the 
t of and marking the patterns, and a card record showing what the pattern Is, material 
.. _, ■ J, ^. _,.... . __j j_._ _.___j_._..__ )g,j|^yjgj_^ TUebookcl 

BB^d'isd detailed iiurHtrations. Price . 

PERFUMERY 



JULEY-S TWENTIETH CEHTURY BOOK OF RECEn*TS, FORMULAS AHD PRO- 

3SES. Edited by G, D, Hiscox. 
most valuable Techno-ehemlcal Receipt Book published. Contains over lO.IWO practical 
■Ipts, many ot whicli will prove ot spec&l value to the perfumer, a mine of information, llp- 
ale In every respect. Price, Cloth, 83.00; half morocco C4.00 

RFITMES AND THEIR PREPARATIOH. By G. W. AsKWfaoN, Perfumer, 
□niprehensive treatise, In which there has been nothine omitted that could be of value 
"-- Perfumer^ (.'ompiele directions for making handKerehief jierfumes^ amdllnMalu,?,, 



.eta. fumigating pastil 

;ll osBToAsstonal in (eiSi7 raffing Yi;e"wi;iit8 rat" o^j'orv^^i^isJto^ 

!««r, but »lBQ ol tiui ceneral public. Third edtllon. ^Vl ^a.aea- \(i,vi»M«.-wc>^ 



dyes and other loUet articles are ^ven, a^o i ieva.'iii aesjtr.VOtfio.jS 

"■" -1" ot purity, and who\eBa.\e nui,mi\i«a.vne-_ .*^J^?fiSa^^™= 

1 , meeting the wants not onlj ol V\\s *'''**™i5S».'i^ - "•*■* 
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KECHAMCAL DRAWING FOR PLOlfBERS. By R. M. Starbvck. 

. ..„ 1 1 1 u__i . — ^ J, j]jg subject of mecbuiical draiHiig 



workmen as a knowledge of drawing, and lo the Korkman it to of in 

. — 1„. _i Lig DoaiMon to positions of greater reaponsibillty. Amoni 

., .'Blue to plumber of knowlodge of drawing: tools roq 

ancl thuir.iuo; cummun views needed in mechanical drawing. 2. Perspective rersus mo 
icul dnMrlng in showing plumbing construction. 3. Correct and incorrect melhw 
plumblog dniwing: plan and elevation explained. 3. Floor and cellar plans and eleve 
scalii drawings; use of triangles. 5. Use of triangles; drawing of fittings, traps, eu 
Drawing plumbing elevations and flttings. T. Instructions in drawing plumbing eleval 
8. The drawing of plumbing Qxtures; scale drawinge. 9. Drawing of fixtures and fltl 
10. Inking of drawings. 11. Shading of drawings. 12. Shading of drawings. 13. 
tional drawings; draning of threads. 14. Plumbing elevations from archil«ct's 
16. Elevations of separate parts of the plumbing aystem. IS. Elevations ftnm archil 
ptans. 17. Drawing of detail plumbing connections. IS. Architect's plans and nlnn 
elevations of residence. ID. Plumbing elevations of residence (continoed): plumbing! 
for cuttage, 20. Plumbing elevations: roof caonectloDS. 21. Plans and plumbing e 
tlons for slx-llat bulldinE. 22. Drawing of various parts of the plumbing system; u 
scales, 23. L"so of arcWtecfs scales. 24. Special featur« to the Ulustratlons of coi 
plumbing. 25, Pruwing of wrought h^n piping, valves, radiators, colls, etc, 26, Dra 
of piping to iliustrate hMtlng systems, 150 Ulustratlons. Price 8 

MODERH PLnMBIHG ILLUSTRATED. By R. M. Starbcck. 

This book rcprescDtH the highest standard of plumbing work. It has boon adopted UKt 
... .,.,. 1 — 1. i,„ j,jg-^j.,..j .. ■- i„ , 1. 1. ._ ^..... . 



sanitary work In Cuba. I 
''"- of the United StaMa 

a and working data for all fixtures and groups of Qiturea, 
imber In demonstrating to his customers and In flguring worl 
udent quick and easy aixeaa to the best moduli plumbing prai 
Lg plumbing construction are contained in its pages. This 
lac«st and best up-to-date practice, and should be in the ban 
'ery architect, sanitary engineer and plumber who wishes to keep himself up to the mi 
I this Impo-" — ' " "■— "^ ' — '-" — ' ' — ■- '■'--- 



ropmaentM, in a 



Contains following chapters, each IliuaQ 

Kitchen sink, laundry tubs, vegetable Trash sink; lavau 

if marble slahB; balh tub, foot and sltE bath, shower bath: v 

Jown water closets, water closets operated by 

it range; slop sink, urinals, the bidet: hotel and restaurant sink, g: 

trap; reMgerat^rs, safe waatos. laundry waste: lines of refrigerators, bar sinks, soda 1 
tain sinks: horse stall, frost-proof water closets; connectlims for S traps, venting; 
nections for drum traps: soil pipe connections: supporting of soil pipe: m^n trap 
fresh air Inlet; floor drains and cellar drains, Bubsoll dr^nage: water closets and 
cunnoctlona: local venting: connections for bath rootos : connecCtons for balJi rooms, 
tinued; connections for bath rooms, continued; connections for bath rooms, contli; 
enamples of poor practice; roughlng-nork ready for test: testing of plumbing sys 
method of continuous venting; continuous venting for two-floorwork; conHnuoiB vei 
Tor two lines of fixtures on three or more Huors : continuous venting of water closets: pli 
Ing for cottage house: construction for cellar pipfag: plumbing for reaidence, use of si 
nttlngs: plumbing for two-Hat house; plumbing for opartment bidldlng; plumMn 
double apartment building; plumbing for office building; plumbing for public toilet m 

Rlumbing for public toilet rooms, continued; plumbing for baUi establishment: plun 
If engine house, factory plumbing ; automatic flushlngfor schools, factories, etc.: u 
Hushing valves; izrlnals for public toilet rooms; the Durham system, the deatmctii 
pipes by oleclrolysiB; construction of work without use of lead; Automatic sewmgt 
automatic sump tank : country plumbing; construction of cesspools; septic tank and : 
matlc sewage siphon: country plumbing; water supply for country house: thawli 
water mains and service by electricity; double boilers; hot water supply of lai^ I 



_ ___T tank: suggestions for estimating plumbing c 

I, fully lUustraWd by 55 full-page Engravings. Price . 



STANDARD PRACTICAL PLUMBIHQ. B^ R.*M. Starbpck, 

A corapletB practical treatise of 450 pti«ea coverVng tte »Mb« 
in all Ita lirancbes. a lante amount o( spaco boVne devoUii \o a^ 
finwwnene of tbe subject of Hot Water Suppls JJl^^-^^S^^ 
'e» tbJrCy cbapieav Jnclude abgut e^My phase ol ibe aawws, oi 
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an indispensable work to the master plumber, the journeyman plumber, and the appren 
plumber, containing chapters on: the plumber's tools; wiping solder, composition and 
^int wiping; lead woric; traps; siphonage of traps; venting; continuous venting; h< 
sewer and sewer connections; house drain; soil piping, roughing; main trap and fresh 
inlet; floor, yard, cellar drains, rain leaders, etc.; fixture wastes; water closets; ventliat 
lomroved plumbing connections; residence plumbing; plumbing for hotels, schools, 
tones, stables, etc.; modem country plumbing; filtration of sewage and water sup 
liot and cold supply; range boilers; circulation; circulating pipes; range boiler problc 
liot watOT for large buildings; water lift and its use; multiple connections for hot wi 
boUers; heating of radiation by supply sjrstem; theory for the plumber; drawing for 
plumber. Fully illustrated by 347 engravings. Price $3 

RECEIPT BOOK 



HENLEY'S TWENTIETH CENTURY BOOK OF RECEIPTS, FORMULAS AND P] 

CESSES. Edited by Gabdner D. Hiscox. 

frhe most valuable Techno-chemical Receipt Book published, including over 10,000 8ele< 
scientific, chemical, technological, and practical receipts and processes. 

This is the most complete Book of Receipts ever published, giving thousands of receipts 
the manufacturer of valuable articles for everyday use. Btints. Helps, Practical Ideas, 
Secret Processes are revealed within its pages. It covers every branch of the useful arts 
tells thousands of ways of making money and is Just the book everyone should have at 
command. 

Modem in its treatment of every subject that properly falls within its scope, the book i 
truthfully be said to present the very latest formulas to be found in the arts and indusi 
and to retain those processes which long experience has proven worthy of a permanent rec 
To present here even a limited number or the subjects which find a place in this valui 
work would be difficult. Suffice to say that in its pages will be found matter of intense 
terest and immeasurable practical value to the scientific amateur and to Mm who wlshe 
obtain a knowledge of tne many processes used in the arts, trades and manufacture 
knowledge which will render his pursuits moro instructive and remunerative. Serving ; 
reference book to the small and large manufacturer and suppplying intelligent seekers i 
the information necessary to conduct a process, the work will oe found of inestimable w< 
to the Metallurgist, the Photographer, the Perfumer, the Painter, the Manufacture: 
Glues, Pastes, Cements, and Mucilages, the Conmounder of Alloys, the Cook, the Physic 
the Druggist, the Electrician, the Brewer, the Engineer, the Foundryman, the Machii 
the Potter, the Tanner, the Confectioner, the Chiropodist, the Maniciu*e, ♦^^he Manufact 
of Chemical Novelties and Toilet Preparations, the Dyer, the Electroplater. the Enam< 
the Engraver, the Provisioner, the Glass Worker, the Goldbeater, the watchmaker, the J 
eler, the Hat Maker, the Ink Manufactiu'er, the Optician, the Farmer, the Dairyman, 
Paper Maker, the Wood and Metal Worker, the Chandler and Soap Maker, the Veterii 
Surgeon, and the Technologist in general. 

A mine of information, and up-to-date in every respect. A book which will prove of vi 
to EVERYONE, as it covers every branch of the Useful Arts. 800 pages. Price $3 

WHAT IS SAID OF THIS BOOK: 



"Your Twentieth Century Book of Receipts, Formulas and Processes duly received. I 
0ad to have a copy of it, and if I could not replace it money couldn't buy it. It is the 1 
uilng of the sort I ever saw." (Signed) M. E. Trux, 

Sparta, Wis. 
"There are few persons who would not be able to find in the book some single formula 1 
would repay several times the cost of the book." — Merchant's Record and Show Window, 

RUBBER 



RUBBER HAND STAMPS AND THE MANIPULATION OF INDIA RUBBER. 
T. O'CJoNOR Sloane. 

This book gives full details on all points, treat ins m a. contSsfe ^\v\ %\to^<^ xcsa.^^'K^ sx^ <^«w 

of nearly everything it is necessary to understand loi a coTMwwvc«a\fc\v\. \sv 'a.\>^ >^ax^^^ 

^dia Rubber Manufacture. The making ot all kvnda ot ^u\>\i«t ^^^Ow ^'^^^^^J^^^^ 

J^^f S?£f®^' S' S. Government Composition, TiaXmiL ^^^^ '^'^^^^^c^^^ 
of Sheet Rubber, Toy Balloons. India Rubber siAMUom, CeiaeoX^. ^BsaRjtxM^, 
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iD|i use, Rulea and data for eBtimaline radiation and cast and such tables and in 
1 make it an indispensable work tor everyone interested in steam, bot water heating, i 

tion. It deacribfs all the principal aysteois of steam, hot water, vacuum, vapor, and .», 

tpor healing, together with llie new acceleraled Bjstems of hot water circulation, Including 
lapters on up-to-date methods of ventilation and the fan or blower system of tieatinii anil 



intUatloQ, Containing ciiaptora on: I. IntrodncClon. II. Heat. III. EvolutlcFii o( 
■tiOdal heating apparatus. IV. Boiler surface and Bettings. V. The cUmnej' flue. VI. 
ipe and flltinga. Vll, Valves, various kinds. VIII, Forms of radiating aurfacoe. IX. 
ocating of radiating Hurfaces. X. Eatimaling radiation. XI. Steam-heating appamtiu. 



Hot-water appliaocea, XVI. Oreenliouso heating, XVII. Vacuum 
-■---It heating, XVIII. Miscellaneous heating. JtlX. Kadiator and 



m. Eihausl-stoam heating. XIII. Hol^water heating. XIV. Pressure syatomB ot hot- 

, „ —IX. R^_. 

.^e connections. XX. VeDlilaCion. XXI. Mechanical ventilation and hot-blast hi _. 

3ai, Steam appliances. XXIII. District heating. XXIV. Pipe and boiler ooveriiw. 
LXV. Temperature regulation aad heat control. XXVI. Business methods. XXVU. 
liscellaneous. XXVIII, Rules, tables and useful Information, 367 pages. 300 detailed 
igravloga, Frlco 83.00 

STEAM PIPES 

TEAM PIPES: THEIR DESIGM AHD COIfSTRDCnON. By Wm, H. Booth. 

n regard to pipe Joims, expansion olTseta. Hexible jointi, and 



>t valuable chant' 



JBEHICAN STEEL WORKER. By E. R. Maskkam. 

liis book tells ho 

nother kind of t 

very detail of every tool, wnotner it ne a tap, a reamer or jusi a screw-nnver. ii cells aeoui 
le tempering of small watch springs, the hardening ot cutlery, and the annealina of dies. In 
)ct thAe Isn't a thing that a steel worker would want to know that Isn't included. It is tha 
tandard book on selecting, hardening, and tempering all grades at steel. Amang tbe 
hapter headings might be mentioned the following subjc«?ta: Introduction; tbe workman; 
tWi: methods of heating: beating tool steel: forging; annealing; hardening baths: bathi 
^ hardening: hardening st^el; drawing the temper after hardening; examples of hard- 
ning; pack hardening : case hardening: spring t«mperinK; making tools of machine steel: 

pocial steels; steel for - — •—-—'-■ — >' — <■•- c._.. .f „.„„.„ „_ n„= 

'ecy Cully illustrated. 



with special directions for the sucoe»rful hardenlH 

, . _. ._ ...3 arts, including milling cutters, taps, thread diei, 

earners, both solid and shell, hollow mills, punches and dies, and all khida of sheet meld 
vorking tools, shear blades, saws, nne cutlery, and metal cutting tools o( all description, ti 
rell as tot all Implements of steel both large and small. In this work the simplest and isosi 
lisfactory hardening And tempering processes are given. 

B usee to which the leading brands oi eteel may bt adapted are concisely presented, and llieli 
■tment for workiae under diflerenl condilioos exB\3,\ne4. aiao Vne s^Bdal methods for the 
enmg and (enipering of special brands. 

V^ demoted to (he rlillerent proeesees lot P»*t-'*>«*'^J1^,^^S*«^*^*S^S^ 
%!^^,i '° "'e adoption ot machinery steeY Sot xoote ot ■JM\a^iS^■fll**. Wa-aajS*.^^ 
a>j lUuBtratioos. Price ''^ 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



TURBINES 

INE STEAM TURBINES. By Dr. G. Bauer and O. Lasche. Assisted by 
idwig and H. Vogel. Translated from the German and edited by M. G. S. 
ow. 

rork forms a supplementary volume to the book entitled "Marine Engines and Boilers." 
uthors of this book. Dr. G. Bauer and O. Lasche, may be regarded as the leading 
rities on turbine construction. 

ook is essentially practical and discusses turbines in which the full expansion of steam 
through a number of separate turbines arranged for driving two or more shafts, as 
Parsons system, and turbines in which the complete expansion of steam from inlet 
aust pressure occurs in a turbine on one shaft, as in the case of the Curtis machines. 
I enable a designer to carry out all the ordinary calculations necessary for the con- 
ion of steam tiu*bines, hence it fills a want which is hardly met by larger and more 
tlcal works. 

rous tables, curves and diagrams will be found, which explain with remarkable lucidity 
ison why turbine blades are designed as they are, the course which steam takes through 
es of various types, the thermodjrnamics of steam turbine calculation, the influence 
uum on steam consumption of steam tiu*bines, etc. In a word, the vOTy information 

a designer and builder of steam turbines most requires. The book is divided into 
as follows: 1. Introduction. 2. General remarks on the design of a turbine installa- 

3. The calculation of steam turbines. 4. Turbine design. 5. Shafting and pro- 

!. 6. Condensing plant. 7. Arrangement of turbines. 8. General remarks on the 

;ement of steam turbines in steamers. 9. Turbine-driven auxiliaries. 10. Tables. 

octavo. 214 pages. Fully illustrated and containing 18 tables. Including an entropy 

Price, net, $8.60 

WATCH MAKING 

::HMAKER'S handbook. By Claudius Saunibr. 

imous work has now reached its seventh edition and there is no work issued that can 
re to it for clearness and completeness. It contains 498 pages and is intended as a 
lop companion for those engaged in Watch-making and allied Mechanical Arts. Nearly 
gravings and fourteen plates are included. Price ... .... $8.00 
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